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©  Novel  ampicillin  esters  and  production  thereof. 

A  novel  Ampicillin  ester  of  the  general  formula 

wherein  R,  represents  a  hydrogen  atom,  a  methyl  group 
or  an  aryl  group,  and  R2  represents  a  hydrogen  atom  or 
may  be  taken  together  with  R1  to  form  a  divalent  carbon 
chain  residue, 

or  its  acid  addition  salt. 
The  novel  Ampicillin  ester  or  its  acid  addition  salt  is  pre- 

pared  by  (1)  reacting  a  corresponding  6-N-acyl-amino  penicil- 
lanic  acid  (II)  or  its  salt  with  a  compound  of  the  formula 

wherein  R,  and  R2  are  as  defined  above,  and  X  is  a 
halogen  atom, 
or  reacting  a  compound  of  the  formula 

wherein  R1  and  R2  are  as  defined  above, 
or its  acid  addition  salt  with  a  corresponding  carboxylic  acid 
(VI)  or its  reactive  derivative,  (2)  thereafter,  if  required,  when 
the  resulting  compound  has the  protected  amino  group  orthe 
group  convertible  to  an  amino  group,  deprotecting  the  pro- 
tected  amino  group  or converting  said  convertible  group  to  an 
amino  group,  and  (3)  if  further  required,  converting  the  pro- 

' duct  to  an  acid  addition  salt. 
The  present  invention  provides  also  an  antibacterial 

agent  comprising  the  novel  Ampicillin  ester. 



T h i s   i n v e n t i o n   r e l a t e s   to   n o v e l   A m p i c i l l i n  

e s t e r s ,   p r o c e s s e s   f o r   t h e i r   p r o d u c t i o n ,   and   t o   an  a n t i -  

b a c t e r i a l   a g e n t   c o m p r i s i n g   such  an  A m p i c i l l i n   e s t e r .  

A m p i c i l l i n   ( a m i n o b e n z y l p e n i c i l l i n )   o b t a i n e d  

by  a c y l a t i n g   t h e   amino   g r o u p   of   6 - a m i n o p e n i c i l l a n i c   a c i d  

(6 -APA)   w i t h   a - a m i n o p h e n y l a c e t i c   a c i d   i s   a  s y n t h e t i c  

p e n i c i l l i n   w h i c h   i s   e f f e c t i v e   i n   o r a l   a d m i n i s t r a t i o n .  

A b s o r p t i o n   o f   A m p i c i l l i n   f rom  t h e   d i g e s t i v e   t r a c t ,   h o w -  

e v e r ,   i s   n o t   s u f f i c i e n t ,   and  t h i s   n e c e s s a r i l y   l e a d s   t o  

a d m i n i s t r a t i o n   of   l a r g e   d o s a g e s   f o r   o b t a i n i n g   t h e   r e q u i r e d  

c o n c e n t r a t i o n   i n   b l o o d ,   w h i c h   i n   t u r n   c a u s e s   i n c r e a s e d  

s i d e - e f f e c t s .  

To  r e m o v e   s u c h   a  d e f e c t   of   A m p i c i l l i n ,   an  a t t e m p t  

was  made  to   c o n v e r t   A m p i c i l l i n   to  an  e s t e r - t y p e   d e r i v a t i v e  

t h e r e b y   i m p r o v i n g   i t s   a b s o r p t i o n   f rom  t h e   i n t e s t i n a l   t r a c t .  

F o r   e x a m p l e ,   A m p i c i l l i n   p i v a l o y l o x y m e t h y l   e s t e r   ( P i v a m -  

p i c i l l i n ;   s ee   B r i t i s h   P a t e n t   No.  1 , 2 1 5 , 8 1 2 ) ,   and   A m p i c i l l i n  

p h t h a l i d y l   e s t e r   ( T a l a m p i c i l l i n ;   see   B r i t i s h   P a t e n t   N o .  

1 , 3 6 4 , 6 7 2 )   g i v e s   c o m p a r a b l e   b l o o d   A m p i c i l l i n   c o n c e n -  

t r a t i o n s   i n   o r a l   a d m i n i s t r a t i o n   to  t h o s e   o b t a i n e d   b y  

i n t r a v e n o u s   a d m i n i s t r a t i o n .  

I t   i s   an  o b j e c t   of   t h i s   i n v e n t i o n   t o   p r o v i d e  

n o v e l   A m p i c i l l i n   e s t e r s   o r   t h e i r   a c i d   a d d i t i o n   s a l t s .  

A n o t h e r   o b j e c t   o f   t h i s   i n v e n t i o n   i s   to   add  n o v e l  

and   more   b e n e f i c i a l   A m p i c i l l i n   e s t e r s   n e w l y   to   a  g r o u p s  
of   o r a l l y   a d m i n i s t r a b l e   known  A m p i c i l l i n   a n d   i t s   e s t e r s .  

S t i l l   a n o t h e r   o b j e c t   of   t h i s   i n v e n t i o n   i s   t o  

p r o v i d e   n o v e l   A m p i c i l l i n   e s t e r s   w h i c h   a r e   m o r e   s t a b l e   i n  

g a s t r i c   and   i n t e s t i n a l   j u i c e s ,   h ave   b e t t e r   a b s o r p t i o n  

f rom  t h e   i n t e s t i n a l   t r a c t ,   m a i n t a i n   a  h i g h   c o n c e n t r a t i o n  

in   b l o o d   o v e r   l o n g e r   p e r i o d s   of   t i m e   and  a r e   l e s s   t o x i c  

t h a n   known  A m p i c i l l i n   e s t e r s   such   as  T a l a m p i c i l l i n .  

Ye t   a n o t h e r   o b j e c t   of   t h i s   i n v e n t i o n   i s   to  p r o -  
v i d e   p r o c e s s e s   f o r   p r o d u c i n g   n o v e l   A m p i c i l l i n   e s t e r s .  

A  f u r t h e r   o b j e c t   of   t h i s   i n v e n t i o n   i s   to  p r o v i d e  

a  n o v e l   p r e c u r s o r   f o r   p r o d u c t i o n   of   t h e   n o v e l   A m p i c i l l i n  



e s t e r s .  

O t h e r   o b j e c t s   and  a d v a n t a g e s   of   t h i s   i n v e n t i o n  

w i l l   b e c o m e   a p p a r e n t   f rom  t h e   f o l l o w i n g   d e s c r i p t i o n .  

A c c o r d i n g   to   one  a s p e c t ,   t h e s e   o b j e c t s  a n d  

a d v a n t a g e s   a r e   a c h i e v e d   by  A m p i c i l l i n   e s t e r s   of   t h e  

g e n e r a l   f o r m u l a  

w h e r e i n   R1  r e p r e s e n t s   a  h y d r o g e n   a tom,   a  m e t h y l  

g r o u p   or   an  a r y l   g r o u p ,   and  R2  r e p r e s e n t s   a  

h y d r o g e n   a t o m ,   or   may  be  t a k e n   t o g e t h e r   w i t h  R ,  
to   fo rm  a  d i v a l e n t   c a r b o n   c h a i n   r e s i d u e ,  

or   t h e i r   a c i d   a d d i t i o n   s a l t s .  

In  f o r m u l a   ( I ) ,   R,  r e p r e s e n t s   a  h y d r o g e n   a t o m ,   a  

m e t h y l   g r o u p   or   an  a r y l   g r o u p .   The  a r y l   g r o u p   i s   p r e f e r -  

a b l y   an  a r o m a t i c   h y d r o c a r b o n   g r o u p .   P r e f e r r e d   a r o m a t i c  

h y d r o c a r b o n   g r o u p s   a r e   p h e n y l   and  s u b s t i t u t e d   p h e n y l  

g r o u p s ,   and   t h e   p h e n y l   g r o u p   i s   e s p e c i a l l y   p r e f e r r e d .  

E x a m p l e s   of   s u b s t i t u e n t s   i n   t h e   s u b s t i t u t e d   p h e n y l   g r o u p s  

a r e   h a l o g e n ,   n i t r o ,   cyano   and  a l k o x y .   Thus ,   R1  i s   p r e f e r -  

a b l y   a  h y d r o g e n   a t o m ,   a  m e t h y l   g r o u p   or   a  p h e n y l   g r o u p . -  

R2  r e p r e s e n t s   a  h y d r o g e n   a tom,   or   t o g e t h e r  

w i t h   R1,  may  fo rm  a  c a r b o n   c h a i n   r e s i d u e .   When  R2  a n d  

R1  t o g e t h e r   fo rm  a  d i v a l e n t   c a r b o n   c h a i n   r e s i d u e ,   R 1 ,  

R2  and  t h e   g r o u p   C=C-CH  to   w h i c h   R1  and  R2  a r e   b o n d e d  

fo rm  a  r i n g .   The  d i v a l e n t   c a r b o n   c h a i n   r e s i d u e   i s   p r e f e r -  

a b l y   s u c h   t h a t   t h e   r i n g   i s   5-  o r   8 - m e m b e r e d ,   p a r t i c u l a r l y  

6-  o r   8 - m e m b e r e d .   E x a m p l e s   o f   p r e f e r r e d   d i v a l e n t   c a r b o n  

c h a i n   r e s i d u e s   a r e   ( C H 2 ) 3   and  ( C H 2 ) 5 .  
S p e c i f i c   e x a m p l e s   of   p r e f e r r e d   A m p i c i l l i n   e s t e r s  

of   g e n e r a l   f o r m u l a   ( I )   a r e  

A m p i c i l l i n ( 5 - m e t h y l - 2 - o x o - 1 , 3 - d i o x o l e n - 4 - y l ) -  

m e t h y l   e s t e r  ( R 1 = n e t h y l ,   R 2 = h y d r o g e n ) ,  



A m p i c i l l i n ( 2 - o x o - 1 , 3 - d i o x o l e n - 4 - y l ) m e t h y l   e s t e r  

(R1  and  R 2 = b y d r o g e n ) ,  

A m p i c i l l i n ( 2 - o x o - 5 - p h e n y l - 1 , 3 - d i o x o l e n - 4 - y l ) -  

m e t h y l   e s t e r   ( R 1 = p h e n y l ,   R 2 = b y d r o g e n ) ,  
A m p i c i l l i n ( 2 , 3 - c a r b o n y l d i o x y - 2 - c y c l o h e x e n - l -  

y l ) e s t e r   (Rl  and  R2  t o g e t h e r   f o r m   t h e   g r o u p  

- ( C H 2 ) 3 ) ,   a n d  

A m p i c i l l i n ( 2 , 3 - c a r b o n y l d i o x y - 2 - c y c l o o c t e n - l - y l ) -  

e s t e r   (R1  and  R2  t o g e t h e r   form  t h e   g r o u p  

- ( C H 2 ) 5 ) .  
The  a c i d   a d d i t i o n   s a l t s   of   t h e s e   A m p i c i l l i n  

e s t e r s   a r e ,   f o r   e x a m p l e ,   s a l t s   of   t h e s e   e s t e r s   w i t h   i n -  

o r g a n i c   a c i d s   s u c h   as  h y d r o c h l o r i c   a c i d ,   h y d r o b r o m i c   a c i d ,  

h y d r i o d i c   a c i d   and  s u l f u r i c   a c i d ,   or   s a l t s   o f   t h e s e   w i t h  

o r g a n i c   a c i d s   s u c h   as  c i t r i c   a c i d   and  t a r t a r i c   a c i d .  

I n v e s t i g a t i o n s   of   t h e   p r e s e n t   i n v e n t o r s   h a v e  

shown  t h a t   t h e   A m p i c i l l i n   e s t e r s   or   t h e   a c i d   a d d i t i o n  

s a l t s   t h e r e o f   h a v e   v e r y   d e s i r a b l e   p r o p e r t i e s   as  p h a r m a -  

c e u t i c a l s .  

S p e c i f i c a l l y ,   i n   o r a l   a d m i n i s t r a t i o n ,   t h e  

A m p i c i l l i n   e s t e r s   of   t h e   i n v e n t i o n   a r e   e a s i l y   a b s o r b e d  

f r o m   t h e   d i g e s t i v e   t r a c t ,   l i b e r a t e   A m p i c i l l i n   i n   v i v o ,   a n d  

m a i n t a i n   a  h i g h   A m p i c i l l i n   c o n c e n t r a t i o n   i n   b l o o d   o v e r  

l o n g   p e r i o d s   o f   t i m e .  

F o r   e x a m p l e ,   t h i r t y   m i n u t e s   a f t e r   o r a l   a d m i n i -  

s t r a t i o n   i n   m i c e ,   A n p i c i l l i n   ( 5 - n e t h y l - 2 - o x o - 1 , 3 - d i o x o l e n -  

4 - y l ) m e t h y l   e s t e r   h y d r o c h l o r i d e   and  A m p i c i l l i n   ( 2 - o x o - 5 -  

p h e n y l - 1 , 3 - d i o x o l e n - 4 - y l ) m e t h y l   e s t e r   h y d r o c h l o r i d e   s h o w  

an  A m p i c i l l i n   c o n c e n t r a t i o n   i n   b l o o d   a b o u t   3  t i m e s   as  h i g h  

as  t h a t   a t t a i n e d   by  t h e   a d m i n i s t r a t i o n   of   A m p i c i l l i n  

and  a b o u t   1 . 5   t i m e s   as  h i g h   as  t h a t   a t t a i n e d   by  t h e   a d r m i n i -  

s t r a t i o n   of   A m p i c i l l i n   p h t h a l i d y l   e s t e r ,   and  t h e   h i g h  

A m p i c i l l i n   c o n c e n t r a t i o n s   i n   b l o o d   a r e   m a i n t a i n e d   o v e r   a  

l o n g   p e r i o d   o f   t i n e .   ( S e e   E x p e r i m e n t   1  g i v e n   h e r e i n b e l o w . )  

Such   an  e x c e l l e n t   a d v a n t a g e   of   t h e   A m p i c i l l i n  

e s t e r s   o f   t h i s   i n v e n t i o n   i s   b e l i e v e d   to  be  due  to  t h e  

f a c t   t h a t   w h i l e   t h e s e   A m p i c i l l i n   e s t e r s   r e a d i l y   u n d e r g  



e n z y m a t i c   h y d r o l y s i s   i n  v i v o ,   t h e y   h a v e   r e s i s t a n c e   t o  

h y d r o l y s i s   i n   g a s t r i c   and  i n t e s t i n a l   j u i c e s .  

The   r a t e s   of   h y d r o l y s i s   o f   A m p i c i l l i n   ( 5 - m e t h y l -  

2 - o x o - 1 , 3 - d i o x o l e n - 4 - y l ) n e t h y l   e s t e r   h y d r o c h l o r i d e   a n d  

A m p i c i l l i n   ( 2 - o x o - 5 - p h e n y l - 1 , 3 - d i o x o l e n - 4 - y l ) n e t h y l   e s t e r  

h y d r o c h l o r i d e   i n   s i m u l a t e d   g a s t r i c   and   i n t e s t i n a l   j u i c e s  

a r e   a b o u t   one   h a l f   of   t h a t   of   A m p i c i l l i n   p h t h a l i d y l  

e s t e r   ( s e e   E x p e r i m e n t   2,  ( a )   and   (b)  h e r e i n b e l o w ) .  

N e e d l e s s   to  s a y ,   t h i s   h i g h   c h e m i c a l   s t a b i l i t y  

of   t h e   p e n i c i l l i n   e s t e r s   of  t h e   i n v e n t i o n   i s   v e r y   b e n e -  

f i c i a l   n o t   o n l y   i n   b u l k   p r e p a r a t i o n   and  p h a r m a c e u t i c a l  

p r e p a r a t i o n   and   a l s o   i n   a c t u a l   a d m i n i s t r a t i o n .  

I t   i s   a l s o   n o t e d   t h a t   t h e   A m p i c i l l i n   e s t e r s  

o f   t h e   i n v e n t i o n   h a v e   low  t o x i c i t y   ( s e e   E x p e r i m e n t   3  
h e r e i n b e l o w ) .  

E x p e r i m e n t s   1  to  3  a r e   d e s c r i b e d   b e l o w   f o r  

d e m o n s t r a t i n g   t h e s e   a d v a n t a g e s   o f   t h e   A n p i c i l l i n   e s t e r s  

of   t h e   i n v e n t i o n .  

E x p e r i m e n t   1  

C o n c e n t r a t i o n   i n   b l o o d   i n   o r a l   a d m i n i s t r a t i o n  

( T e s t   C o m p o u n d s )  

A.  A n p i c i l l i n   ( 5 - n e t h y l - 2 - o x o - 1 , 3 - d i o x o l e n - 4 -  

y l ) n e t h y l   e s t e r   h y d r o c h l o r i d e   ( c o m p o u n d s  

o f   t h e   i n v e n t i o n )  

B.  A m p i c i l l i n   ( 2 - o x o - 5 - p h e n y l - 1 , 3 - d i o x o l e n - 4 -  

y l ) m e t h y l   e s t e r   h y d r o c h l o r i d e   ( c o m p o u n d s  

of   t h e   i n v e n t i o n )  

C . A m p i c i l l i n   p h t h a l i d y l   e s t e r   h y d r o c h l o r i d e  

(a  known  compound   u s e d   as   a  c o n t r o l ;   s e e  
B r i t i s h   P a t e n t   No.  1 , 3 6 4 ,  6 7 2 )  

D.  A m p i c i l l i n   t r i h y d r a t e   ( c o n t r o l )  

( M e t h o d   of   E x p e r i m e n t )  

E a c h   of  t h e   t e s t   c o m p o u n d s   was  o r a l l y   a d m i n i s t e r e d  

i n   a  d o s e   o f   50  n g / k g   c a l c u l a t e d   as  A m p i c i l l i n   to  f o u r  

week  o l d   n i c e   ( d d y ,   body  w e i g h t   a b o u t   20  g,  f i v e   p e r  
g r o u p )   w h i c h   h a d   b e e n   c a u s e d   to   f a s t   o v e r n i g h t   ( t h e   a m o u n t  

i s   e q u i v a l e n t   to   0 . 2   ml  of   a  5  m g / n l   a q u e o u s   s o l u t i o n   o f  



A n p i c i l l i n ) .   The  b l o o d   was  t a k e n   f rom  t h e   e x p e r i m e n t a l  

a n i m a l s   p e r i o d i c a l l y ,   and  t h e   c o n c e n t r a t i o n   o f   A m p i c i l l i n  

i n   t h e   s e r u m   was  m e a s u r e d   by  a  b i o a s s a y   m e t h o d .   The  b l o o d  

A m p i c i l l i n   l e v e l   r a t i o   was  c a l c u l a t e d   f r o n   t h e   f o l l o w i n g  

e q u a t i o n .  

( R e s u l t )  

The  r e s u l t s   g i v e n   i n   T a b l e   1  c l e a r l y   show  t h a t  

t h e   c o m p o u n d s   of   t h e   i n v e n t i o n   show  a  h i g h   b l o o d   A n p i c i l l i n  

l e v e l   o v e r   a  l o n g e r   p e r i o d   of   t i n e   t h a n   t h e   known  p h t h a l i d y l  

e s t e r   C.  

E x p e r i m e n t   2  

H y d r o l y z a b i l i t y   i n   a c i d i c   and  b a s i c   m e d i a  

(a)   H y d r o l y z a b i l i t y   in   an  a c i d i c   m e d i u m  

( T e s t   c o m p o u n d s )  

C o m p o u n d s   A,  B  a n d   C  i n   E x p e r i m e n t   1 

( M e t h o d   of   E x p e r i m e n t )  

Each  of   t h e   t e s t   compounds   was  d i s s o l v e d   to  a  



p r e d e t e r m i n e d   c o n c e n t r a t i o n   i n   an  a c i d i c   a q u e o u s   m e d i u m  

( s i m u l a t e d   g a s t r i c   j u i c e )   h a v i n g   a  pH  of   1 . 2   p r e p a r e d   b y  

a d d i n g   2 . 0   g  o f   s o d i u m   c h l o r i d e ,   24  ml  o f   10%  h y d r o -  

c h l o r i c   a c i d   and  3 .2   g  o f   p e p s i n   to   1000  ml  o f   w a t e r .  

W h i l e   t h e   s o l u t i o n   was  s h a k e n   a t   37°C,   i t   was  p e r i o d i c a l l y  

s a n p l e d .   The  s a m p l e d   s o l u t i o n  . w a s   s u b j e c t e d   to   h i g h - s p e e d  

l i q u i d   c h r o m a t o g r a p h y   u s i n g   a  r e v e r s e d   p h a s e   p a r t i t i o n  

c o l u m n ,   and   t h e   h y d r o l y s i s   r a t i o   o f   t h e   c o m p o u n d   w a s  
d e t e r m i n e d   f rom  a  d e c r e a s e   i n   t h e   p e a k   h e i g h t   o f   t h e  

c o m p o u n d   i n   t h e   c h r o m a t o g r a m .  

( R e s u l t s )  

(b)  H y d r o l y z a b i l i t y   i n   a  b a s i c   m e d i u m  

( T e s t   c o n p a u n d s )  

Compounds   A,  B  and  C  o f   E x p e r i m e n t   1 

( M e t h o d   of   E x p e r i m e n t )  

The  p r o c e d u r e   o f   (a)   was  r e p e a t e d   e x c e p t   t h a t   a  

b a s i c   a q u e o u s   medium  ( s i n u l a t e d   i n t e s t i n a l   j u i c e )   h a v i n g  

a  p H  o f   7 . 5 0   p r e p a r e d   by  a d d i n g   3 5 . 8   g  of   d i s o d i u n   p h o s -  

p h a t e .   6 . 0   ml  of   10%  h y d r o c h l o r i c   a c i d   and  2 . 8   g  o f  

p a n c r e a t i n   to   1000  ml  o f   w a t e r   was  u s e d   i n s t e a d   o f   t h e  

a c i d i c   a q u e o u s   m e d i u m .  

( R e s u l t s )  



The  r e s u l t s   g i v e n   i n   T a b l e s   2  and  3  d e m o n s t r a t e  

t h a t   t h e   c o m p o u n d s   of   t h i s   i n v e n t i o n   h a v e   h i g h e r   c h e m i c a l  

s t a b i l i t y   i n   a c i d i c   and  b a s i c   c o n d i t i o n s   t h a n   t h e   k n o w n  

p h t h a l i d y l   e s t e r   C.  

E x p e r i m e n t  3  

A c u t e   t o x i c i t y : -  

The  a c u t e   t o x i c i t y   v a l u e s   (LD50)  of   t h e   c o m p o u n d s  

A  and  B  i n   E x p e r i m e n t   1  a d m i n i s t e r e d   as  an  a q u e o u s   s o l u t i o n  

w e r e   m e a s u r e d   u s i n g   t h e   s ane   ddy  n i c e   as  u s e d   i n   E x p e r i m e n t  

1.  The  r e s u l t s   a r e   shown  i n   T a b l e   4.  The  r e s u l t s   s h o w  

t h a t   t h e   c o m p o u n d s   of   t h i s   i n v e n t i o n   h a v e   low  t o x i c i t y .  

P r o d r u g s   such   as  A m p i c i l l i n   p i v a l o y l o x y m e t h y l  

e s t e r   or  A n p i c i l l i n   p h t h a l i d y l   e s t e r   h a v e   b e e n   known  a s  



o r a l l y   a d m i n i s t r a b l e   A n p i c i l l i n .   The  e s t e r   g r o u p   o f   t h e  

A n p i c i l l i n   e s t e r   o f   t h e   i n v e n t i o n   ( i . e . ,   2 - o x o - 1 , 3 -  

d i o x o l e n - 4 - y l   m e t h y l   g r o u p )   i s   shown  by  a  f o r m u l a   b e l o w  

i n   c o m p a r i s o n   w i t h   t h o s e   o f   t h e   known  p r o d r u g s .  

I t   i s   c l e a r   t h e r e f o r e   t h a t   t h e   e s t e r   g r o u p   o f  

t h e   A n p i c i l l i n   e s t e r   o f   t h e   i n v e n t i o n   q u i t e   d i f f e r s   f r o m  

t h o s e   o f   t h e   known  A n p i c i l l i n   e s t e r s .   I t   i s   s u r p r i s i n g  

t h a t   t h e   A n p i c i l l i n   e s t e r s   of   t h e   p r e s e n t   i n v e n t i o n   h a v e  

t h e   a f o r e s a i d   e x c e l l e n t   p r o p e r t i e s   as  p h a r m a c e u t i c a l s   o v e r  

t h e s e   known  A m p i c i l l i n   e s t e r s .  

A c c o r d i n g   to   one   p r o c e s s   o f   t h e   i n v e n t i o n ,   t h e  

A m p i c i l l i n   e s t e r   or  i t s   a c i d   a d d i t i o n   s a l t   o f   t h e   i n v e n t i o n  

can  be  p r o d u c e d   by  r e a c t i n g   a  compound   of  t h e   g e n e r a l  

f o r m u l a  

w h e r e i n   A  r e p r e s e n t s   a  p r o t e c t e d   amino  g r o u p  

or   a  g r o u p   c o n v e r t i b l e   to   an  amino   g r o u p ,  

or   i t s   s a l t   at  t h e   c a r b o x y l   g r o u p   w i t h   a  c o m p o u n d   o f   t h e  

g e n e r a l   f o r m u l a  



w h e r e i n   R1  and   R2  a r e   as  d e f i n e d   a b o v e ,   a n d  X  

r e p r e s e n t s   a  h a l o g e n   a t o m ,  

and  i f   r e q u i r e d ,   when  t h e   r e s u l t i n g   c o m p o u n d   h a s   t h e   p r o -  
t e c t e d   amino  g r o u p   o r   t h e   g r o u p   c o n v e r t i b l e   to  an  a m i n o  

g r o u p ,   e l i m i n a t i n g   t h e   p r o t e c t i n g   g r o u p   f rom  t h e   p r o t e c t e d  

amino  g r o u p   o r   c o n v e r t i n g   s a i d   c o n v e r t i b l e   g r o u p   to   a n  

amino  g r o u p ,   and  i f   f u r t h e r   r e q u i r e d ,   c o n v e r t i n g   t h e   p r o d u c t  

to   i t s   a c i d   a d d i t i o n   s a l t .  

In   t h e   a b o v e   g e n e r a l   f o r m u l a   ( I I ) ,   A  r e p r e s e n t s  

a  p r o t e c t e d   amino   g r o u p   o r   a  g r o u p   c o n v e r t i b l e   to   an  a m i n o  

g r o u p .   The  p r o t e c t e d   amino  g r o u p   may  p r e f e r a b l y   be  a n  
amino  g r o u p   i n   t h e   fo rm  o f   a  s a l t   w i t h   a  m i n e r a l   a c i d ,  

an  amino  g r o u p   in   t h e   fo rm  of   a  S c h i f f   b a s e ,   an  e n a m i n e  

g r o u p ,   a  b e n z y l o x y c a r b o n y l a n i n o   g r o u p ,   e t c .   More  s p e c i f i -  

c a l l y ,   p r e f e r r e d   p r o t e c t e d   amino  g r o u p s   a r e   amino  g r o u p s  
i n   t h e   f o rm  o f   s a l t s   w i t h   m i n e r a l   a c i d s   such   as  h y d r o -  

c h l o r i c   a c i d   and  h y d r o b r o m i c   a c i d ,   amino   g r o u p s   i n   t h e  

fo rm  cf   S c h i f f   b a s e   s u c h   as  a  s u b s t i t u t e d   or  u n s u b s t i t u t e d  

b e n z y l i d e n e a m i n o   g r o u p ,   and  e n a m i n e   g r o u p s   of   t h e   f o l l o w i n g  

f o r a u l a  

w h e r e i n   R 3 ,  R 4   and  R5  a r e   i d e n t i c a l   or   d i f f e r e n t   and  r e -  

p r e s e n t   an  a l k y l ,   a r a l k y l   or   a r y l   g r o u p ,   p r o v i d e d   t h a t   R 4  

may  f u r t h e r   r e p r e s e n t   a  h y d r o g e n   atom  and  R5  may  f u r t h e r  

r e p r e s e n t   an  a l k o x y ,   a r a l k o x y  o r   a r y l o x y   g r o u p .  
An  e x a m p l e   of   t h e   g r o u p   c o n v e r t i b l e   to  an  a m i n o  

g r o u p   i s   an  a z i d o   g r o u p .  
T h e s e   p r o t e c t i v e   amino  g r o u p s   and  c o n v e r t i b l e  

g r o u p s   a r e   w e l l   known  i n   t h e   f i e l d   of   c h e m i s t r y   o f  



s y n t h e t i c   p e n i c i l l i n s .  

A  c o m p o u n d   c o r r e s p o n d i n g   to   g e n e r a l   f o r m u l a   ( I I )  

i n   w h i c h   A  i s   a  f r e e   amino  g r o u p   i s   a  c o m p o u n d   w e l l   k n o w n  

as  A m p i c i l l i n   a n d   r e a d i l y   a v a i l a b l e   c o m m e r c i a l l y .  

A c c o r d i n g l y ,   t h e   compound   of   g e n e r a l   f o r m u l a  

( I I )   can   be  p r o d u c e d   by  c o n v e r t i n g   t h e   f r e e   amino   g r o u p  
of   A m p i c i l l i n   t o   t h e   g r o u p   A  ( i n   t h i s   c a s e ,   t h e   g r o u p   A 

i s   d e s i r a b l y   a  p r o t e c t e d   amino  g r o u p ) .  

The  c o m p o u n d   of   g e n e r a l   f o r m u l a   ( I I )   c a n   a l s o  

be  p r o d u c e d   by  r e a c t i n g   6 - a m i n o p e n i c i l l a n i c   a c i d   o r   i t s  

s a l t   at   t h e   c a r b o x y l   g r o u p   w i t h   a  c a r b o x y l i c   a c i d   o f   t h e  

f o r m u l a  

w h e r e i n   A  i s   as  d e f i n e d   h e r e i n a b o v e ,  

o r   i t s   r e a c t i v e   d e r i v a t i v e   at  t h e   c a r b o x y l   g r o u p .   S u c h  

a  p r o c e s s   f o r   p r o d u c i n g   t h e   compound   o f   f o r m u l a   ( I I )   i s  

d e s c r i b e d ,   f o r   e x a m p l e ,   i n  U .   S.  P a t e n t   No.  3 , 1 2 0 , 5 1 4 .  

The  c o m p o u n d   of  g e n e r a l   f o r m u l a   ( I I I )   i s   a  n o v e l  

c o m p o u n d .   In   f o r m u l a   ( I I I ) ,   R1  and  R2  a r e   as  d e f i n e d  

a b o v e   w i t h   r e g a r d   to   f o r m u l a   ( I ) ,   a n d  X   r e p r e s e n t s   a  

h a l o g e n ,   p r e f e r a b l y   c h l o r i n e ,   b r o m i n e   and  i o d i n e .  

E x a m p l e s   of   t h e   compound  of   f o r m u l a   ( I I I )   a r e  

4 - c h l o r o n e t h y l - 1 ,   3 - d i o x o l   e n - 2 - o n e ,  

4 - b r o m o m e t h y l - 1 ,   3 - d i o x o l   e n - 2 - o n e ,  

4 - c h l o r o n e t h y l - 5 - p h e n y l - 1 , 3 - d i o x o l e n - 2 - o n e ,  

4 - b r o n o m e t h y l - 5 - p h e n y l - 1 ,   3 - d i o x o l   e n - 2 - o n e ,  

4 - c h l o r o n e t h y l - 5 - n e t h y l - 1 ,   3 - d i o x o l e n - 2 - o n e ,  

4 - b r o n o n e t h y l - 5 - n e t h y l - 1 ,   3 - d i o x o l e n - 2 - o n e ,  

4 - i o d o m e t h y l - 5 - n e t h y l - 1 ,   3 - d i o x o l   e n - 2 - o n e ,  

3 - c h l o r o - 1 ,   2 - c a r b o n y l d i o x y c y c l o h e x e n e ,  

3 - b r o m o - 1 ,   2 - c a r b o n y l d i o x y c y c l o h e x e n e ,  

3 - c h l o r o - 1 , 2 - c a r b o n y l d i o x y c y c l o o c t e n e ,   a n d  

3 - b r o m o - 1 ,   2 - c a r b o n y l d i o x y c y c l o o c t e n e .  

T h e s e   c o m p o u n d s   can   be  p r o d u c e d   by  r e a c t i n g  

c o m p o u n d s   c o r r e s p o n d i n g   to  f o r m u l a   ( I I I )   i n   w h i c h   X  i s  



a  h y d r o g e n   atom  w i t h   h a l o g e n a t i n g   a g e n t s ,   f o r   e x a m p l e  

a l l y l i c   h a l o g e n a t i n g   a g e n t s   such  as  c h l o r i n e ,   b r o m i n e ,  

N - b r o n o s u c c i n i m i d e   and  N - c h l o r o s u c c i n i m i d e .   The  c o m p o u n d s  

of  g e n e r a l   f o r m u l a   ( I I I )   and  t h e i r   p r o d u c t i o n   a r e   d e -  

s c r i b e d   i n   t h e   s p e c i f i c a t i o n   of  a  p a t e n t   a p p l i c a t i o n   f i l e d  

by  t h e   s a n e   a p p l i c a n t s   as  t h e   p r e s e n t   a p p l i c a t i o n   on  t h e  

same  d a t e .  

The  a f o r e s a i d   p r o c e s s   f o r   p r o d u c t i o n   in   a c c o r d a n c e  

w i t h   t h i s   i n v e n t i o n   i s   c a r r i e d   out  by  r e a c t i n g   t h e   c o m p o u n d  

of  g e n e r a l   f o r m u l a   ( I I )   w i t h   t he   compound  o f   g e n e r a l   f o r m u l a  

( I I I ) .  

In  t h e   r e a c t i o n ,   the   compound  of   g e n e r a l   f o r m u l a  

( I I I )   i s   u s e d   p r e f e r a b l y   in   an  amount  of  1  mole   or  s l i g h t l y  

more  t h a n   1  mole   p e r   mole   of  t h e   c o m p o u n d  o f   g e n e r a l  

f o r m u l a   ( I I ) .   The  r e a c t i o n   i s   p e r f o r m e d   u s u a l l y   in  a  
s o l v e n t   s y s t e m   c o n s i s t i n g   s u b s t a n t i a l l y   of   an  a p r o t i c  

i n e r t   o r g a n i c   s o l v e n t .   In  o t h e r   w o r d s ,   t h e   p r e s e n c e   o f  

a  s u b s t a n t i a l   amount   of  w a t e r   or  a  p r o t o n i c   s o l v e n t   s u c h  

as  a l c o h o l s   i n   t h e   r e a c t i o n   sys t em  i s   u n d e s i r a b l e   b e c a u s e  

i t   i n d u c e s   h y d r o l y s i s   of  t he   compound  of   g e n e r a l   f o r m u l a  

( I I I ) .   E x a m p l e s   of  p r e f e r r e d   a p r o t i c   i n e r t   o r g a n i c   s o l -  

v e n t s   a r e   d i n e t h y l   f o r m a m i d e ,   d i m e t h y l   s u l f o x i d e ,   a c e t o n e ,  

e t h y l   a c e t a t e   and  m i x t u r e s   t h e r e o f .   D e s i r a b l y ,   t h e   r e -  

a c t i o n   i s   p e r f o r m e d   in   t h e   p r e s e n c e   of  a  b a s e .   I f ,   h o w -  

e v e r ,   a  s a l t   at  t h e   c a r b o x y l   group  of   t h e   compound  o f  

g e n e r a l   f o r m u l a   ( I I )   i s   u s e d ,   t h e   r e a c t i o n   p r o c e e d s   f a v o r -  

a b l y   i n   t h e   a b s e n c e   of  a  b a s e .   P r e f e r r e d   b a s e s   to  b e  

p r e s e n t   i n   t h e   r e a c t i o n   sy s t em  or  u s e d   f o r   f o r m a t i o n   o f  

t h e   s a l t   i n c l u d e   t r i a l k y l a m i n e s   such  as  t r i e t h y l a m i n e ,  

and  m e t a l   h y d r o g e n   c a r b o n a t e s   such  as  p o t a s s i u m   h y d r o g e n  

c a r b o n a t e   and  sod ium  h y d r o g e n   c a r b o n a t e .   The  r e a c t i o n  

t e m p e r a t u r e   i s   u s u a l l y   not   more  t h a n   5 0 ° C .  

The  above   r e a c t i o n   of  t he   compound  of  f o r m u l a  

( I I )  o r   i t s   s a l t   w i t h   t h e   compound  of  g e n e r a l   f o r m u l a  

( I I I )   u s u a l l y   g i v e s  a   compound  of  t h e   g e n e r a l   f o r m u l a  



w h e r e i n   R1  and  R2  a r e   as  d e f i n e d   a b o v e   and   A '  

r e p r e s e n t s   a  p r o t e c t e d   amino  g r o u p ,   a  g r o u p  
c o n v e r t i b l e   to   an  amino   g r o u p ,   o r   an  a m i n o   g r o u p .  

When  t h e   c o m p o u n d   of   g e n e r a l   f o r m u l a   ( I I )   i s   i n   t h e   f o r m  

of  a  s a l t   w i t h  a   m i n e r a l   a c i d ,   and   t h e   a m o u n t   o f   t h e   b a s e  

p r e s e n t   i n   t h e   r e a c t i o n   s y s t e m   i s   i n   m o l a r   e x c e s s ,   t h e  

r e s u l t i n g   c o m p o u n d   may  s o m e t i m e s   be  a  compound   of   g e n e r a l  
f o r m u l a   ( IV)   i n   w h i c h   A'  i s   a  f r e e   amino  g r o u p .  

When  t h e   r e s u l t i n g  p r o d u c t   (IV)  h a s   t h e   p r o -  
t e c t e d   amino   g r o u p   or   t h e   g r o u p   c o n v e r t i b l e   to   an  a m i n o  

g r o u p ,   t h e   p r o t e c t e d   amino   g r o u p   i s   d e p r o t e c t e d ,   o r   t h e  

c o n v e r t i b l e   g r o u p   i s   c o n v e r t e d   to   an  amino  g r o u p .  
The  r e a c t i o n   c o n d i t i o n s   i n   such   a  s t e p   a r e   w e l l  

known  i n   t h e   f i e l d  o f   s y n t h e t i c   p e n i c i l l i n s .   F o r   e x a m p l e ,  

when  t h e   p r o t e c t i v e   amino  g r o u p   i s   i n   t h e   fo rm  o f   a  S c h i f f  

b a s e   s u c h   as  a  s u b s t i t u t e d   o r   u n s u b s t i t u t e d   b e n z y l i d e n e -  

a n i n o   g r o u p ,   t h e   r e s u l t i n g   r e a c t i o n   m i x t u r e   c o n t a i n i n g  

t h e   c o m p o u n d   ( IV)   i s   a d j u s t e d   to   a  pH  of  1 - 4   i n   a  m i x e d  

s o l v e n t   of   w a t e r   and  a  w a t e r - m i s c i b l e   s o l v e n t   s u c h   a s  

a c e t o n i t r i l e ,   a c e t o n e   and  d i o x a n e   i n   t h e   p r e s e n c e   o f   a n  

a c i d   s u c h   as  m i n e r a l   a c i d s   and  a c e t i c   a c i d .   As  a  r e s u l t ,  

t h e   p r o t e c t e d   amino   g r o u p   i s   e a s i l y   h y d r o l y z e d   to   a n  

amino  g r o u p   at   room  t e m p e r a t u r e   o r   a t   a  l o w e r   t e m p e r a t u r e .  

When  t h e   p r o t e c t e d   amino  g roup   i s   i n   t h e   f o r m  

of  an  e n a m i n e   g r o u p ,   t h e   r e a c t i o n   m i x t u r e   i s   d i s s o l v e d  

i n   a  w a t e r - s o l u b l e   s o l v e n t ,   t h e   s o l u t i o n   i s   a d j u s t e d  

w i t h   an  a c i d   to   a  pH  of   1 . 5 - 3 . 5 ,   and  s t i r r e d   a t   r o o m  

t e m p e r a t u r e   or   a t   a  l o w e r   t e m p e r a t u r e   f o r   s e v e r a l   m i n u t e s  

to  a b o u t   an  h o u r .   As  a  r e s u l t ,   t h e   p r o t e c t e d   a m i n o  

g r o u p   can   be  d e p r o t e c t e d .  

When  t h e   g r o u p   A'  i s   a  b e n z y l o x y c a r b o n y l -  



p r o t e c t e d   amino   g r o u p ,   o r   an  a z i d o   g r o u p ,   t h e   r e a c t i o n  

p r o d u c t   i s   t r e a t e d   i n   h y d r o g e n   gas   i n   t h e   p r e s e n c e   o f   a  

h y d r o g e n o l y s i s   c a t a l y s t   s u c h   as  p a l l a d i u m .  

T h u s ,   t h e   A m p i c i l l i n   e s t e r   of  g e n e r a l   f o r m u l a  

( I )   or   i t s   a c i d   a d d i t i o n   s a l t   i s   f o r m e d .   The  a c i d   a d d i t i o n  

s a l t   i s   p r e p a r e d   by  r e a c t i n g   t h e   A m p i c i l l i n   e s t e r   ( h a v i n g  

a  f r e e   amino   g r o u p )   o f   g e n e r a l   f o r m u l a   ( I )   w i t h   an  a c i d ,  

f o r   e x a m p l e : a n   i n o r g a n i c   a c i d   s u c h   as  h y d r o c h l o r i c   a c i d ,  

h y d r o b r o m i c   a c i d ,   h y d r i o d i c   a c i d   and  s u l f u r i c   a c i d   o r  

an  o r g a n i c   a c i d   s u c h   as   c i t r i c   a c i d   or   t a r t a r i c   a c i d .  

A c c o r d i n g   to   p r e f e r r e d   e m b o d i m e n t s   of   t h e  

p r o c e s s   of   t h e   i n v e n t i o n ,   t h e r e   a r e   p r o v i d e d   a  p r o c e s s  
f o r   p r o d u c i n g   t h e   A m p i c i l l i n   e s t e r   of   g e n e r a l   f o r m u l a  

( I )   or   i t s   a c i d   a d d i t i o n   s a l t ,   w h i c h   c o m p r i s e s   r e a c t i n g  

a  c o m p o u n d   o f   g e n e r a l   f o r m u l a   ( I I )   i n   w h i c h   A  i s   a  S c h i f f  

b a s e   g r o u p   o r   an  e n a m i n e   g r o u p   w i t h   t h e   compound   of  g e n e r a l  
f o r m u l a   ( I I I ) ,   and  c o n v e r t i n g   t h e   S c h i f f   b a s e   g r o u p   o r  
t h e   e n a m i n e   g r o u p   o f   t h e   p r o d u c t   to   an  amino  g r o u p ,   a n d  

t h e r e a f t e r   i f   r e q u i r e d ,   c o n v e r t i n g   t h e   p r o d u c t   to   i t s   a c i d  

a d d i t i o n   s a l t ;   and  a  p r o c e s s   f o r   p r o d u c i n g   a  m i n e r a l   a c i d  

s a l t   ( e . g . ,   h y d r o c h l o r i d e )   of   t h e   A m p i c i l l i n   e s t e r   o f  

g e n e r a l   f o r m u l a   ( I )   w h i c h   c o m p r i s e s   r e a c t i n g   a  c o m p o u n d  

of   g e n e r a l   f o r m u l a   ( I I )   i n   w h i c h   A  i s   an  amino  g r o u p   i n  

t h e   fo rm  of   a  m i n e r a l   a c i d   such   as  a  h y d r o c h l o r i d e ,   w i t h  

t h e   compound   of   g e n e r a l   f o r m u l a   ( I I I ) .  

A c c o r d i n g   to   a n o t h e r   p r o c e s s   p r o v i d e d   by  t h e  

i n v e n t i o n ,   t h e   A m p i c i l l i n   e s t e r   of   g e n e r a l   f o r m u l a   ( I )  

o r   i t s   a c i d   a d d i t i o n   s a l t   can  be  p r o d u c e d   by  r e a c t i n g  

a  c o m p o u n d   o f   g e n e r a l   f o r m u l a  

w h e r e i n  R 1   and  R2  a r e   as  d e f i n e d   a b o v e , .  

or   i t s   a c i d   a d d i t i o n   s a l t ,   w i t h   a  c a r b o x y l i c   a c i d   o f  



t h e   g e n e r a l   f o r m u l a  

w h e r e i n   A  i s   as  d e f i n e d   a b o v e ,  

o r   i t s   r e a c t i v e   d e r i v a t i v e   a t   t h e   c a r b o x y l   g r o u p ;   t h e r e -  

a f t e r ,   i f   r e q u i r e d ,   when  t h e   r e s u l t i n g   c o m p o u n d   h a s   t h e  

p r o t e c t e d   amino   g r o u p   o r   t h e   g r o u p   c o n v e r t i b l e   to  a n  

amino  g r o u p ,   e l i m i n a t i n g   t h e   p r o t e c t i v e   g r o u p   f rom  t h e  

p r o t e c t e d   amino  g r o u p ,   or   c o n v e r t i n g   s a i d   c o n v e r t i b l e  

g r o u p   to   an  amino   g r o u p ,   and  i f   f u r t h e r   r e q u i r e d ,   c o n v e r t -  

i n g   t h e   p r o d u c t   to   an  a c i d   a d d i t i o n   s a l t   t h e r e o f .  

The  p r e c u r s o r   o f   g e n e r a l   f o r m u l a   (V)  and  i t s  

a c i d   a d d i t i o n   s a l t   a r e   n o v e l   c o m p o u n d s   and  fo rm  p a r t   of   t h e  

p r e s e n t   i n v e n t i o n .  

In  g e n e r a l   f o r m u l a   (V),   R1  and  R2  a r e   t h e   s a n e  

as  d e f i n e d   a b o v e .  

E x a m p l e s   of   t h e   compound   o f   g e n e r a l   f o r m u l a   ( V )  

a r e  
( 2 - o x o - 1 , 3 - d i o x o l e n - 4 - y l ) m e t h y l   6 - a m i n o p e n i c i l -  

l a n a t e ,  

( 5 - m e t h y l - 2 - o x o - 1 , 3 - d i o x o l e n - 4 - y l ) m e t h y l   6 - a m i n o -  

p e n i c i l l a n a t e ,  

( 2 - o x o - 5 - p h e n y l - 1 , 3 - d i o x o l e n - 4 - y l ) n e t h y l   6 - a m i n o -  

p e n i c i l l a n a t e ) ,  

( 2 , 3 - c a r b o n y l d i o x y - 2 - c y c l o h e x e n - 1 - y l )   6 - a m i n o -  

p e n i c i l l a n a t e ,  

( 2 , 3 - c a r b o n y l d i o x y - 2 - c y c l o h e x e n - 1 - y l )   6 - a m i n o -  

p e n i c i l l a n a t e ,  

a n d  

a c i d   a d d i t i o n   s a l t s   o f  t h e s e   e s t e r s .  

The  c o m p o u n d   of   g e n c r a l   f o r m u l a   (V)  can  b e  

p r o d u c e d   by  r e a c t i n g   6 - a m i n o p e n i c i l l a n i c   a c i d   or   i t s   s a l t  

a t   t h e   c a r b o x y l   g r o u p   w i t h   t h e   compound   o f   g e n e r a l   f o r m u l a  

( I I I ) ;   or   by  r e a c t i n g   6 - p r o t e c t e d   a m i n o p e n i c i l l a n i c   a c i d  

or   i t s   s a l t   at  t h e   c a r b n x y l   g r o u p   w i t h   t h e   compound  o f  



g e n e r a l   f o r m u l a   ( I I I )   and  t h e n   c o n v e r t i n g   t h e   p r o t e c t e d  

a m i n e   g r o u p   of   t h e   r e a c t i o n   p r o d u c t   to   an  amino   g r o u p .  
The  f o r m e r   can   be  p e r f o r m e d   p r e f e r a b l y   by  r e a c t -  

i n g   6 - a m i n o p e n i c i l l a n i c   a c i d   or   i t s   s a l t   a t   t h e   c a r b o x y l  

g r o u p   w i t h   an  e q u i m o l a r   a m o u n t ,   or   a  m o l a r   e x c e s s ,   o f   t h e  

compound   o f   g e n e r a l   f o r m u l a   ( I I I )   i n   an  i n e r t   o r g a n i c  

s o l v e n t   s u c h   as  t e t r a h y d r o f u r a n ,   d i o x a n e   o r   a c e t o n e   i n  

t h e   o p t i o n a l   p r e s e n c e   o f   a  b a s e   (when  6 - a n i n o p e n i c i l l a n i c  

a c i d   i s   u s e d ,   t h e   p r e s e n c e   of   a  b a s e   i s   p r e f e r r e d )   a t   a  

t e m p e r a t u r e   o f   f r o m   a b o u t   0°C  to  room  t e m p e r a t u r e .  

The  l a t t e r   can   be  p e r f o r m e d   p r e f e r a b l y   by  r e a c t -  

i n g   6 - p r o t e c t e d   a m i n o p e n i c i l l a n i c   a c i d   s u c h   as  6 - a m i n o -  

p e n i c i l l a n i c   a c i d   h a v i n g   t h e   amino  g r o u p   a t   t h e   6 - p o s i t i o n  

p r o t e c t e d   w i t h   an  a c y l   g r o u p   or   t r i t y l   g r o u p ,   or   6 - a m i n o -  

p e n i c i l l a n i c   a c i d   h a v i n g   t h e   amino  g r o u p   a t   t h e   6 - p o s i t i o n  

p r o t e c t e d   as  a  S c h i f f   b a s e ,   or   i t s   s a l t   a t   t h e   c a r b o x y l  

g r o u p ,   f o r   e x a m p l e   6 - p h e n y l a c e t y l a m i n o p e n i c i l l a n i c   a c i d  

( b e n z y l p e n i c i l l i n ) ,   w i t h   t h e   compound   of   g e n e r a l   f o r m u l a  

( I I I )   u n d e r   t h e   same  c o n d i t i o n s   as  i n   t h e   f i r s t - m e n t i o n e d  

p r o c e s s ,   t h e r e a f t e r   r e a c t i n g   t h e   r e s u l t i n g   6 - p r o t e c t e d  

a m i n o p e n i c i l l a n i c   a c i d   e s t e r   w i t h   p h o s p h o r u s   p e n t a c h l o r i d e  

and  a  l o w e r   a l c o h o l   s u c h   as  m e t h a n o l   a t   t h e   t e m p e r a t u r e   o f  

d ry   i c e - a c e t o n e   i n   t h e   p r e s e n c e   o f   a  b a s i c   compound   s u c h   a s  

N - m e t h y l n o r p h o l i n ,   q u i n o l i n e   and  t r i e t h y l a m i n e ,   and  t h e r e -  

a f t e r   c a u s i n g   w a t e r   to   a c t   on  t h e   r e s u l t i n g   i m i n o   e t h e r   t o  

h y d r o l y z e   i t .  

A c c o r d i n g   to   t h e   p r o c e s s   of   t h i s   i n v e n t i o n ,   t h e  

compound   o f   g e n e r a l   f o r m u l a   (V)  or   i t s   a c i d   a d d i t i o n   s a l t  

i s   f i r s t   r e a c t e d   w i t h   t h e   c a r b o x y l i c   a c i d   of   g e n e r a l  

f o r m u l a   (VI)   or   i t s   r e a c t i v e   d e r i v a t i v e .  

The  a c i d   a d d i t i o n   s a l t   of  t h e   compound   of  g e n e r a l  

f o r m u l a   (V)  may  be  a  m i n e r a l   a c i d   s a l t   or   an  o r g a n i c   a c i d  

s a l t ,   f o r   e x a m p l e   s u c h   a  m i n e r a l   a c i d   s a l t   as  a  h y d r o -  

c h l o r i d e   o r   h y d r o b r o m i d e ,   or   a  s u c h   an  o r g a n i c   a c i d   s a l t  

as  a  p a r a - t o l u e n e s u l f o n a t e .  

A c i d   h a l i d e s ,   a c i d   a n h y d r i d e s   and  m i x e d   a c i d  

a n h y d r i d e s   a r e   p r e f e r a b l y   u s e d   as  t h e   r e a c t i v e   d e r i v a t i v e  

of  t h e   c a r b o x y l i c   a c i d   of   g e n e r a l   f o r m u l a   ( V I ) .  



The  r e a c t i o n   o f   t h e   compound   of  g e n e r a l   f o r m u l a  

(V)  o r   i t s   a c i d   a d d i t i o n   s a l t   w i t h   t h e   c a r b o x y l i c   a c i d  

o f   g e n e r a l   f o r m u l a   ( V I )   i s   c a r r i e d   ou t   i n   t h e   p r e s e n c e   o f  

a  d e h y d r o c o n d e n s i n g   a g e n t   such   as  d i c y c l o h e x y l   c a r b o d i i m i d e  

(DCC)  o r   a  m i x t u r e   o f   DCC  and  1 - h y d r o x y b e n z o t r i a z o l e ,  

p r e f e r a b l y   i n   a  s o l v e n t   c o n s i s t i n g   s u b s t a n t i a l l y   of   a n  

a p r o t i c   i n e r t   o r g a n i c   s o l v e n t   such   as  d i m e t h y l   f o r m a m i d e ,  

d i m e t h y l   s u l f o x i d e ,   m e t h y l e n e   c h l o r i d e ,   d i o x a n e   and  t e t r a -  

h y d r o f u r a n   a t   a  t e m p e r a t u r e   of  n o t   more   t h a n   5 0 ° C .  

The  r e a c t i o n   of   t h e   compound   o f   g e n e r a l   f o r m u l a  

(V)  o r   i t s   a c i d   a d d i t i o n   s a l t   w i t h   t h e   r e a c t i v e   d e r i v a t i v e  

of   t h e   c a r b o x y l i c   a c i d   o f   g e n e r a l   f o r m u l a   (VI)   i s   c a r r i e d  

o u t   p r e f e r a b l y   i n   a  s o l v e n t   c o n s i s t i n g   s u b s t a n t i a l l y   o f  

an  a p r o t i c   i n e r t   o r g a n i c   s o l v e n t   s u c h   as  d i m e t h y l   f o r m -  

a m i d e ,   d i m e t h y l   s u l f o x i d e ,   m e t h y l e n e   c h l o r i d e ,   d i o x a n e ,  

t e t r a h y d r o f u r a n   and   a c e t o n e   a t   a  t e m p e r a t u r e   of   n o t   m o r e  

t h a n   5 0 ° C .   When  an  a c i d   a d d i t i o n   s a l t   o f   t h e   c o m p o u n d  

e x p r e s s e d   by  g e n e r a l   f o r m u l a   (V)  i s   u s e d ,   t h e   r e a c t i o n  

i s   p r e f e r a b l y   c a r r i e d   o u t   i n   t h e   p r e s e n c e   of   a  b a s e   s u c h  

as  t r i e t h y l a m i n e .  

The  r e a c t i v e   d e r i v a t i v e   of  t h e   c a r b o x y l i c   a c i d  

of   g e n e r a l   f o r m u l a   (VI )   u s e d   i n   t h e   a b o v e   r e a c t i o n   i s  

p r e f e r a b l y   an  a c i d   h a l i d e   such   as  an  a c i d   c h l o r i d e   w h e n  

t h e   g r o u p   A  i n   g e n e r a l   f o r m u l a   (VI)   i s   a  p r o t e c t e d   a m i n o  

g r o u p   i n   t h e   f o r m   of   a  s a l t   w i t h   a  m i n e r a l   a c i d .   T h e  

a c i d   h a l i d e   of   t h e   c o m p o u n d   of   g e n e r a l   f o r m u l a   (VI )   h a v i n g  

s u c h   a  g r o u p   A  can   be  c o n v e n i e n t l y   p r o d u c e d   by  t r e a t i n g  

t h e   c o m p o u n d   o f   g e n e r a l   f o r m u l a   (VI)   . h a v i n g   s u c h   a  g r o u p  
A  w i t h   a  h a l o g e n a t i n g   a g e n t   s u c h   as  t h i o n y l   c h l o r i d e ,  

p h o s g e n e   or   p h o s p h o r u s   p e n t a c h l o r i d e   b e c a u s e   s u c h   g r o u p  
A  i s   s t a b l e   to   a c i d s .  

The  r e a c t i v e   d e r i v a t i v e   o f   t h e   c o m p o u n d   o f  

g e n e r a l   f o r m u l a   (VI )   i n   w h i c h   t h e   g r o u p   A  i s   a  p r o t e c t e d  

amino  g r o u p   i n   t h e   f o rm  c f   a  S c h i f f   b a s e   o r   an  e n a m i n e  

g r r u p   i s   p r e f e r a b l y   an  a c i d   a n h y d r i d e   or  m i x e d   a c i d   a n -  

h y d r i d e .   T h i s   r e a c t i v e   d e r i v a t i v e   can  be  p r o d u c e d   c o n -  

v e n i e n t l y   by  t r e a t i n g   a  s a l t ,   s u c h   as  a  t r i a l k y l a m i n e   s a l t ,  



of   t h e   c a r b o x y l i c   a c i d   o f   g e n e r a l   l o r m u i a   (VI )   i n   w h i c h  

t h e   g r o u p   A  i s   such   a  p r o t e c t e d   amino  g r o u o ,   w i t h ,   f o r  

e x a m p l e ,   an  a l k y l   h a l o f o m a t e   s u c h   as  e t h y l   c h l o r o f o r m a t e  

and  i s o b u t y l   c h l o r o f o r m a t e .  

The  r e a c t i o n   b e t w e e n   t h e   compound   o f   g e n e r a l  

f o r m u l a   (V)  or  i t s   a c i d   a d d i t i o n   s a l t   and  t h e   c a r b o x y l i c  

a c i d   o f   g e n e r a l   f o r m u l a   (VI )   o r   i t s   r e a c t i v e   d e r i v a t i v e  

g i v e s   t h e   compound   of   g e n e r a l   f o r m u l a   ( I V ) .   When  t h e  

compound   of   f o r m u l a   ( IV)   h a s   a  p r o t e c t e d   amino   g r o u p   o r  

a  g r o u p   c o n v e r t i b l e   to   an  amino   g r o u p ,   t h e   p r o t e c t i n g  

g r o u p   i s   r e m o v e d   f rom  t h e   p r o t e c t e d   amino  g r o u p ,   or   t h e  

c o n v e r t i b l e   g r o u p   i s   c o n v e r t e d   to   an  amino  g r o u p   a n d  

i f   d e s i r e d ,   t h e   p r o d u c t   i s   c o n v e r t e d   to  i t s   a c i d   a d d i t i o n  

s a l t .   T h u s ,   t h e   A m p i c i l l i n   e s t e r   of   g e n e r a l   f o r m u l a   ( I )  

or   i t s   a c i d   a d d i t i o n   s a l t   i s   f o r m e d .  

A c c o r d i n g   to   p r e f e r r e d   e m b o d i m e n t s   o f   t h e  

a b o v e   p r o c e s s ,   t h e r e   a r e   p r o v i d e d   a  p r o c e s s   f o r   p r o d u c i n g  

t h e   A m p i c i l l i n   e s t e r   of   g e n e r a l   f o r m u l a   ( I )   o r   i t s   a c i d  

a d d i t i o n   s a l t   w h i c h   c o m p r i s e s   r e a c t i n g   a  c o m p o u n d   o f  

g e n e r a l   f o r m u l a   (VI)   i n   w h i c h   A  i s   a  S c h i f f   b a s e   g r o u p  

or   an  e n a m i n e   g r o u p   w i t h   t h e   compound   of  g e n e r a l   f o r m u l a  

(V),   t h e r e a f t e r   c o n v e r t i n g   t h e   S c h i f f   b a s e   g r o u p   or  t h e  

e n a m i n e   g r o u p   (A)  of  t h e   r e s u l t i n g   compound   to   an  a m i n o  

g r o u p   and  i f   r e q u i r e d ,   c o n v e r t i n g   t h e   p r o d u c t   i n t o   i t s  

a c i d   a d d i t i o n   s a l t ;   and  a  p r o c e s s   f o r   p r o d u c i n g   an  a c i d  

a d d i t i o n   s a l t ,   such  as  a  h y d r o c h l o r i d e ,   o f   t h e   A m p i c i l l i n  

e s t e r   of   g e n e r a l   f o r m u l a   ( I )   w h i c h   c o m p r i s e s   r e a c t i n g  

a  compound   of  g e n e r a l   f o r m u l a   (VI)   i n   w h i c h   A  i s   i n   t h e  

fo rm  of   an  a c i d   a d d i t i o n   s a l t   such   as  a  h y d r o c h l o r i d e  

w i t h   t h e   compound  of  g e n e r a l   f o r m u l a   ( V ) .  

A f t e r   t h e   r e a c t i o n ,   t h e   A m p i c i l l i n   of   g e n e r a l  

f o r m u l a   ( I )   or   i t s   a c i d   a d d i t i o n   s a l t   can  be  i s o l a t e d  

and  p u r i f i e d   i n   a  c u s t o m a r y   m a n n e r .  

The  A n p i c i l l i n   e s t e r   of  g e n e r a l   f o r m u l a   ( I )   o r  

i t s   p h a r n a c e u t i c a l l y   a c c e p t a b l e   a c i d   a d d i t i o n   s a l t   i s  

c o n v e r t e d   back   to  A m p i c i l l i n   i n   v i v o   when  a d m i n i s t e r e d  

to  an  a n i m a l .  A c c o r d i n g l y ,   t h i s   i n v e n t i o n   a l s o   p r o v i d e s  



an  a n t i b a c t e r i a l   a g e n t   c o m p r i s i n g   t h e   A n p i c i l l i n   e s t e r   o f  

g e n e r a l   f o r m u l a   ( I )   o r   i t s   p h a m a c e u t i c a l l y   a c c e p t a b l e  

a c i d   a d d i t i o n   s a l t   as  an  a c t i v e   i n g r e d i e n t .  

The  a n t i b a c t e r i a l   a g e n t   o f   t h i s   i n v e n t i o n   n a y  

c o n s i s t   o n l y   of   t h e   A n p i c i l l i n   e s t e r   of  g e n e r a l   f o r m u l a  

( I )   o r   i t s   p h a m a c e u t i c a l l y   a c c e p t a b l e   a c i d   a d d i t i o n   s a l t ,  

o r   a  m i x t u r e   o f   i t   w i t h   a  p h a r m a c e u t i c a l l y   a c c e p t a b l e  

c a r r i e r .  

The  p h a r m a c e u t i c a l l y   a c c e p t a b l e   c a r r i e r   may  b e  

t h o s e   c a r r i e r s   w h i c h   can   be  u s e d   i n   f o m u l a t i n g   A n p i c i l l i n .  

E x a m p l e s   a r e   s t a r c h ,   l a c t o s e ,   h y d r o x y p r o p y l .   c e l l u l o s e ,  

c r y s t a l l i n e   c e l l u l o s e ,   m a g n e s i u m   s t e a r a t e ,   and  c a l c i u n  

s t e a r a t e .  

The  a n t i b a c t e r i a l   a g e n t   o f   t h e   i n v e n t i o n   i s  

a d m i n i s t e r e d   o r a l l y ,   f o r   e x a m p l e .   I t   may  be  i n   a  u n i t  

d o s a g e   fo rm  f o r   o r a l   a d m i n i s t r a t i o n ,   such   as  t a b l e t  

( s u g a r - c o a t e d   t a b l e t s ) ,   c a p s u l e s ,   g r a n u l e s   and  p o w d e r .  

The  a n t i b a c t e r i a l   a g e n t   o f   t h i s   i n v e n t i o n   i s  

a d m i n i s t e r e d   tc  man  and  o t h e r   a n i m a l s   i n   a  d o s e   of   1  t o  

50  m g / k g   body   w e i g h t . d a y   c a l c u l a t e d   as  t h e   A m p i c i l l i n   e s t e r  

( I )   o r   i t s   p h a r m a c e u t i c a l l y   a c c e p t a b l e   s a l t .  

The  f o l l o w i n g   E x a m p l e s   i l l u s t r a t e   t h e   p r e s e n t  

i n v e n t i o n   more   s p e c i f i c a l l y .  

E x a m p l e   1 

(1)   P r o d u c t i o n   of  4 - b r o m o n e t h y l - 5 - p h e n y l - 1 , 5 - d i o x o l e n -  

2 - o n e : -  

In  150  ml  of   c a r b o n   t e t r a c h l o r i d e   was  d i s s o l v e d  

2 . 4   g  o f   4 - n e t h y l - 5 - p h e n y l - 1 , 3 - d i o x o l e n - 2 - o n e   ( s y n t h e s i z e d  

by  t h e   n e t h o d   d e s c r i b e d   i n   L i e b i c h s   A n n a l e n   d e r   C h e m i e ,  

V o l .   7 6 4 ,   p a g e s   1 1 6 - 1 2 4 ,   1 9 7 2 ) .   N - b r o m o s u c c i n i c i d e   ( 2 . 9   g )  

and  a  c a t a l y t i c   a m o u n t   o f   @ , @ ' - a z o b i s i s o b u t y r o n i t r i l e  

w e r e   a d d e d   to  t h e   s o l u t i o n ,   and  t h e   m i x t u r e   was  h e a t e d  

u n d e r   r e f l u x   f o r   90  n i n u t e s .   The  r e a c t i o n   m i x t u r e   w a s  

c o n c e n t r a t e d   to  one   h a l f   o f   i t s   v o l u m e ,   and  t h e   i n s o l u b l e  

m a t e r i a l   was  s e p a r a t e d   by  f i l t r a t i o n .   The  f i l t r a t e   w a s  

c o n c e n t r a t e d ,   and  t h e   r e s i d u e   was  r e c r y s t a l l i z e d   f r o m  



a  m i x t u r e   o f   b e n z e n e   and   c y c l o h e x e n e   to   g i v e   2 . 3   g  ( y i e l d  

66%)  o f   c o l o r l e s s   n e e d l e s   h a v i n g   a  m e l t i n g   p o i n t   of   9 0 . 5  

to  9 1 . 5 ° C .   T h i s   p r o d u c t   had   t h e   f o l l o w i n g   p r o p e r t i e s .  

E l e m e n t a l   a n a l y s i s ,   m o l e c u l a r   f o r m u l a   C 1 0 H 7 B r O 3 :  
C a l c u l a t e d   (%):   C,  4 7 . 0 9 ;   H,  2 . 7 7 ;   Br ,   3 1 . 3 3  

F o u n d   (%):  C,  4 7 . 2 2 ;   H,  2 . 6 4 ;   Br ,   3 1 . 2 9  

IR  ( K B r ) :   1 8 3 0 ,   1820   cm-1  ( ν c = o ) )  
NMR  ( C C l 4 ,   δ ( p p m ) ) :  

4 . 3 5   ( - C H 2 B r ,   s ) ,   7 . 4 0   ( b e n z e n e   r i n g ,   s ) .  

F rom  t h e s e   d a t a ,   t h e   p r o d u c t   was  i d e n t i f i e d   a s  

t h e   t i t l e   c o m p o u n d .  

(2)  P r o d u c t i o n   of   A m p i c i l l i n   ( 2 - o x o - 5 - p h e n y l - 1 , 3 - d i o x e l e n -  

4 - y l ) m e t h y l   e s t e r   h y d r o c h l o r i d e : -  

A m p i c i l l i n   t r i h y d r a t e   (500  mg)  was  d i s p e r s e d   i n  

6  ml  o f   d i m e t h y l   f o r m a m i d e ,   and  125  mg  o f   p o t a s s i u m   h y d r o g e n  

c a r b o n a t e   was  a d d e d .   The  m i x t u r e   was  c o o l e d   to   0°C  a n d  

s t i r r e d .   B e n z a l d e h y d e   ( 0 . 2 5   ml)  was  a d d e d ,   and  t h e   n i x t u r e  

was  s t i r r e d   a t   0°C  f o r   2 . 5   h o u r s .   Then ,   125  mg  of   p o t a s -  

s i u n   h y d r o g e n   c a r b o n a t e   and   320  mg  of   4 - b r o m m e t h y l - 5 -  

p h e n y l - 1 , 3 - d i o x o l e n - 2 - o n e   we re   a d d e d ,   and  t h e   m i x t u r e   w a s  

f u r t h e r   s t i r r e d   at   0°C  f o r  3   h o u r s .  

A f t e r   t h e   r e a c t i o n ,   t h e   r e a c t i o n   m i x t u r e   w a s  

p o u r e d   i n t o   i c e   w a t e r   and   e x t r a c t e d   w i t h   e t h y l   a c e t a t e .  

The  e x t r a c t   was  w a s h e d   t h r e e   t i m e s   w i t h   i c e   w a t e r .   T h e  

e t h y l   a c e t a t e   l a y e r   was  c o n c e n t r a t e d   u n d e r   r e d u c e d   p r e s s u r e  
to  f o r m   a  s y r u p .   The  s y r u p   was  d i s s o l v e d   i n   4  ml  of   a c e t o -  

n i t r i l e ,   and  t h e   pH  of   t h e   s o l u t i o n   was  a d j u s t e d   to   2 . 0  

w i t h   d i l u t e   h y d r o c h l o r i c   a c i d .   The  s o l u t i o n   was  t h e n  

s t i r r e d   a t   0°C  f o r   30  m i n u t e s .  

W a t e r   (10  ml)   was  a d d e d ,   and  t h e   m i x t u r e   w a s  

c o n c e n t r a t e d   u n d e r   r e d u c e d   p r e s s u r e   to  d i s t i l l   o f f   a c e t o -  

n i t r i l e .   The  a q u e o u s   l a y e r   was  r e p e a t e d l y   w a s h e d   w i t h  

e t h y l   a c e t a t e ,   and  s a t u r a t e d   w i t h   sod ium  c h l o r i d e .   T h e  

s e p a r a t e d   o i l y   s u b s t a n c e   w a s  e x t r a c t e d   w i t h   50  ml  o f  

m e t h y l e n e   c h l o r i d e ,   w a s h e d   w i t h  a   s a t u r a t e d   a q u e o u s   s o l u t i o n  

of  s o d i u m   c h l o r i d e   and  d r i e d   o v e r   a n h y d r o u s   s o d i u m   s u l f a t e .  

The  d r i e d   o r g a n i c   l a y e r   was  c o n c e n t r a t e d   u n t i l   t h e   a m o u n t  



o f   m e t h y l e n e   c h l o r i d e   d e c r e a s e d   to  one  h a l f .   I s o p r o p y l  

a l c o h o l   ( 3 0   ml)  was  a d d e d ,   and  t h e   m i x t u r e   was  a g a i n  

c o n c e n t r a t e d   u n d e r   r e d u c e d   p r e s s u r e   to   p r e c i p i t a t e   a  

c o l o r l e s s   s o l i d .   The  s o l i d   was  c o l l e c t e d   by  f i l t r a t i o n ,  

and  w a s h e d   s u c c e s s i v e l y   w i t h   i s o p r o p y l   a l c o h o l   and   e t h e r  

to   g i v e   320  mg  ( y i e l d   4 6 . 4 % )   of  A m p i c i l l i n   ( 2 - o x o - 5 -  

p h e n y l - 1 , 3 - d i o x o l e n - 4 - y l ) m e t b y l   e s t e r   h y d r o c h l o r i d e   a s  

a  c o l o r l e s s   a m o r p h o u s   s o l i d .  

M e l t i n g   p o i n t :   1 4 0 ° C   ( d e c o m p . )  

E l e m e n t a l   a n a l y s i s ,   m o l e c u l a r   f o r m u l a  

C 2 6 H 2 5 N 3 O 7 S . H C l . 2 H 2 O :  

C a l c u l a t e d   (%):  C,  5 2 . 3 9 ;   H,  5 . 0 7 ;   N,  7 . 0 5 ;  

S,  5 . 3 8  

F o u n d   (%):  C,  5 2 . 1 7 ;   H,  4 . 8 3 ;   N,  7 . 3 1 ;  

S,  5 . 6 4  

IR  ( K B r ) :   1820  cm-1  ( c y c l i c   c a r b o n a t e ) ,   1740   c m - 1  

( e s t e r ) ,   1780   cm-1  ( β - l a c t a n ) ,   1690   cm-1  

( a m i d e )  

NMR  ( d e u t e r o d i m e t h y l   s u l f o x i d e ,   δ ( p p m ) ) :  

1 . 3 2   and  1 . 4 5   (6H,  m e t h y l   a t   t h e   2 - p o s i t i o n ,   s ) ,  

4 . 4 4   (1H,  p r o t o n   a t   t h e   3 - p o s i t i o n ,   s ) ,   5 . 1 2  

(1H,  b e n z y l   p r o t o n ,   s ) ,   5 . 3 1   (2H,  - C H 2 - C = C - C 6 H 5 ,  

0  

s ) ,   5 . 4 - 5 . 6   (2H,  p r o t o n s   at   t h e   5-   and  6 -  

p o s i t i o n s ,   n ) ,   7 . 3 - 7 . 6   ( 1 0 H   
⊕ p r o t o n s   on  t h e  

b e n z e n e   r i n g ,   m),  8 . 8   (3H,  -NH3,  m),  9 . 3   ( 1 H ,  

-CONH-,  d ) .  

The  r e s u l t i n g   A m p i c i l l i n   e s t e r   h y d r o c h l o r i d e  

was  i n c u b a t e d   in   40%  mouse   b l o o d   i n   pH  7 . 4   p h o s p h a t e  

b u f f e r   a t   37°C  f o r   10  m i n u t e s ,   and  t h e n   s u b j e c t e d   t o  

b i o a o t o g r a p h y .   I t   was  f o u n d   to  be  c o m p l e t e l y   c o n v e r t e d  

to   A n p i c i l l i n .  

Example  e  2  

(1)   P r o d u c t i o n   of   4 - b r o n o m e t h y l - 5 - d i e t h y l - 1 , 3 - d i o x o l e n -  

2 - o n e : -  



In  150  ml  of   c a r b o n   t e t r a c h l o r i d e   was  d i s s o l v e d  

3 . 4 2   g  of   4 , 5 - d i m e t h y l - 1 , 3 - d i o x o l e n - 2 - o n e   ( s y n t h e s i z e d   b y  

t h e   m e t h o d   d e s c r i b e d   i n   T e t r a h e d r o n   L e t t e r s ,   1 9 7 2 ,   p a g e s  
1 7 0 1 - 1 7 0 4 ) .   N - b r o m o s u c c i n i m i d e   ( 5 . 3 4   g)  and   a  c a t a l y t i c  

amoun t   o f   @ , @ ' - a z o b i s i s o b u t y r o n i t r i l e   w e r e   a d d e d   to  t h e  

s o l u t i o n ,   and  t h e   m i x t u r e   was  h e a t e d   u n d e r   r e f l u c   f o r  

15  m i n u t e s .   The  r e a c t i o n   m i x t u r e   was  c o n c e n t r a t e d   to   o n e  

h a l f   of   i t s   v o l u m e ,   and   t h e   i n s o l u b l e   m a t e r i a l   was  r e m o v e d  

by  f i l t r a t i o n .   The  f i l t r a t e   was  c o n c e n t r a t e d ,   and  t h e  

s y r u p y  r e s i d u e   was  d i s t i l l e d   u n d e r   r e d u c e d   p r e s s u r e   to   g i v e  

4 . 2   g  ( y i e l d   73%)  of   a  c o l o r l e s s   l i q u i d   h a v i n g   a  b o i l i n g  

p o i n t   o f   1 1 5 - 1 2 0 ° C / 5   mm.  The  p r o d u c t   had   t h e   f o l l o w i n g  

p r o p e r t i e s .  

E l e m e n t a l   a n a l y s i s ,   m o l e c u l a r   f o r m u l a   C 5 H 5 B r O 3 :  
C a l c u l a t e d   (%):  C,  3 1 . 1 2 ;   H,  2 . 6 1 ;   Br,   4 1 . 4 0  

F o u n d   (%):  C,  3 1 . 3 0 ;   H,  2 . 4 9 ;   Br ,   4 1 . 3 1  
IR  ( n e a t ) :   n e a r   1835   cm-1  ( ν c = 0 )  

NMR  ( C C l 4 ,   δ ( p p m ) ) :  

2 . 1 0   ( - C H 3 ,   s ) ,   4 . 1 0   ( - C H 2 B r ,   s ) .  

From  t h e s e   d a t a ,   t h e   p r o d u c t   was  i d e n t i f i e d   a s  

t h e   t i t l e   c o m p o u n d .  

(2)  P r o d u c t i o n   o f   A m p i c i l l i n   ( 5 - n e t h y l - 2 - o x o - 1 , 3 - d i o x o l e n -  

4 - y l ) m e t h y l   e s t e r   h y d r o c h l o r i d e : -  

A m p i c i l l i n   t r i h y d r a t e   (500  mg)  was  d i s p e r s e d   i n  

6  ml  of   d i m e t h y l   f o r m a m i d e ,   and  125  mg  of   p o t a s s i u m   b i - -  

c a r b o n a t e   was  a d d e d .   The  m i x t u r e   was  c o o l e d   to   0°C,  a n d  

0 . 2 5   m l . o f   b e n z a l d e h y d e   was  a d d e d .   The  m i x t u r e   w a s  

s t i r r e d   a t   0°C  f o r   2 . 5   h o u r s .   Then ,   125  mg  of   p o t a s s i u m  

b i c a r b o n a t e   and  250  mg  of   4 - b r o m o m e t h y l - 5 - m e t h y l - 1 , 3 -  

d i o x o l e n - 2 - o n e   we re   a d d e d ,   and  t h e   m i x t u r e   was  s t i r r e d   a t  

0°C  f o r  3   h o u r s .   A f t e r   t h e   r e a c t i o n ,   t h e   r e a c t i o n   m i x t u r e  

was  p o u r e d   i n t o   i c e   w a t e r .   The  p r e c i p i t a t e d   s o l i d   w a s  

e x t r a c t e d   w i t h   30  ml  o f   e t h y l   a c e t a t e .   The  o r g a n i c   l a y e r  

was  w a s h e d   w i t h   20  ml  of  w a t e r   t h r e e   t i m e s ,   and  d r i e d   o v e r  

a n h y d r o u s   m a g n e s i u m   s u l f a t e .   The  e t h y l   a c e t a t e   was  d i s t i l -  

l e d   o f f   u n d e r   r e d u c e d   p r e s s u r e   t o   g i v e   a  y e l l o w   s y r u p .  



The  r e s u l t i n g   s y r u p y   r e s i d u e   was  d i s s o l v e d   i n   4  n l  

of   a c e t o n i t r i l e   and  t h e   s o l u t i o n   was  a d j u s t e d   to  pH  2 . 0  

w i t h   d i l u t e   h y d r o c h l o r i c   a c i d .   The  s o l u t i o n   was  t h e n  

s t i r r e d   a t   0°C  f o r   30  m i n u t e s .   W a t e r   (10   ml )   was  a d d e d ,  

and  t h e   a c e t o n i t r i l e   was  d i s t i l l e d   o f f   u n d e r   r e d u c e d   p r e s -  

s u r e .   The  a q u e o u s   l a y e r   was  w a s h e d   r e p e a t e d l y   w i t h   e t h y l  

a c e t a t e ,   and  t h e n   s a t u r a t e d   w i t h   s o d i u m   c h l o r i d e .   T h e  

s e p a r a t e d   o i l y   s u b s t a n c e   was  e x t r a c t e d   w i t h   50  ml  o f  

m e t h y l e n e   c h l o r i d e ,   and   w a s h e d   w i t h   a  s a t u r a t e d   a q u e o u s  
s o l u t i o n   of   s o d i u m   c h l o r i d e .   The  m e t h y l e n e   c h l o r i d e   l a y e r  

was  d r i e d   o v e r   a n h y d r o u s   s o d i u m   s u l f a t e ,   f i l t e r e d   and  c o n -  

c e n t r a t e d   u n d e r   r e d u c e d   p r e s s u r e   to  one   h a l f   of   i t s   v o l u n e .  

To  t h e   s o l u t i o n   i s o p r o p y l   a l c o h o l   (30  ml)   was  a d d e d ,   a n d  

t h e   n i x t u r e   was  a g a i n   c o n c e n t r a t e d   u n d e r   r e d u c e d   p r e s s u r e  
to  g i v e   a  c o l o r l e s s   a n o r p h e u s   s o l i d .  

The  s o l i d   was  c o l l e c t e d   by  f i l t r a t i o n   and  w a s h e d  

w i t h   i s o p r o p y l   a l c o h o l   and   e t h e r   to   g i v e   312  ng  ( y i e l d  

5 0 . 6 % )   o f   A m p i c i l l i n   ( 5 - n e t h y l - 2 - o x o - 1 , 3 - d i o x o l e n - 4 - y l ) -  

m e t h y l   e s t e r   h y d r o c h l o r i d e   as  a  c o l o r l e s s   a m o r p h o u s   s o l i d .  

The  p r o d u c t   had  t h e   f o l l o w i n g   p r o p e r t i e s .  

A p p e a r a n c e :   C o l o r l e s s   a m o r p h o u s   s o l i d  

M e l t i n g   p o i n t :   1 4 5 ° C   ( d e c o m p . )  

E l e m e n t a l   a n a l y s i s ,   m o l e c u l a r   f o r m u l a  

C 2 1 H 2 3 N 3 O 7 S · H C l · H 2 O :  

C a l c u l a t e d   (%):  C,  4 8 . 8 8 ;   H,  5 . 0 8 ;   N,  8 . 1 4 ;   S,  6 . 2 1  

Found   (%):  C,  4 8 . 5 1 ;   H,  5 . 1 5 ;   N,  8 . 0 2 ;   S,  6 . 4 4  

IR  (KBR):  1830   cm-1  ( c y c l i c   c a r b o n a t e ) ,   1780  cm-1  ( β -  

l a c t a m ) ,   1740  cm-1  ( e s t e r ) ,   1680  cm-1  ( a m i d e )  .  

NMR  ( d e u t e r o d i m e t h y l s u l f o x i d e ,   δ  ( p p m ) )  :  

1 . 3 3   and  1 . 4 8   (6H,  m e t h y l   a t   t h e   2 - p o s i t i o n ,   s ) ,  

2 . 1 9   ( 3 H ,  s ) ,   4 . 4 3   (1H,  p r o t o n   at   t h e  

3 - p o s i t i o n ,   s ) .   5 .11   ( 2 H ,  s ) ,  

5 . 1 6   ( lH ,   b e n z y l   p r o t e n ,   s ) ,   5 . 4 3 - 5 . 6 5   ( 2 H ,  



p r o t o n s   a t   t h e   5-  and  6 - p o s i t i o n s ,   n ) ,   7 . 3 - 7 . 6  

(5H,  p r o t o n s   on  t h e   b e n z e n e   r i n g ,   m).  8 . 9 5  

(3H,  -NH⊕3,   n ) ,   9 . 4   (1H,  CONH-,  d ) .  

The  r e s u l t i n g   A m p i c i l l i n   e s t e r   h y d r o c h l o r i d e  

was  i n c u b a t e d   i n   40%  m o u s e   b l o o d   i n   pH  7 . 4   p h o s p h a t e  

b u f f e r   a t   37°C  f o r   10  m i n u t e s ,   and  t h e n   s u b j e c t e d   to   b i o -  

a u t o g r a p h y .   I t   was  f o u n d   to   be  c o m p l e t e l y   c o n v e r t e d   t o  

A n p i c i l l i n .  

E x a m p l e  3  

(1)  P r o d u c t i o n   of   3 - b r o n o - 1 , 2 - c a r b o n y l d i o x y c y c l o h e x e n e : -  

In   80  ml  of   c a r b o n   t e t r a c h l o r i d e   was  d i s s o l v e d  

2 . 1 5   g  o f   1 , 2 - c a r b o n y l d i o x y c y c l o h e x e n e   ( s y n t h e s i z e d   b y  

t h e   m e t h o d   d e s c r i b e d   i n   T e t r a h e d r o n   L e t t e r s ,   1 9 7 2 ,   p a g e s  
1 7 0 1 - 1 7 0 4 )  .   N - b r o m o s u c c i n i m i d e   ( 2 . 3   g)  and  a  c a t a l y t i c  

a n o u n t   o f   @ , @ ' - a z o b i s i s o b u t y r o n i t r i l e   we re   added   t o  

t h e   s o l u t i o n ,   and  t h e   m i x t u r e   was  h e a t e d   u n d e r   r e f l u x   f o r  

20  n i n u t e s .   The  r e a c t i o n   m i x t u r e   was  c o o l e d ,   and  f i l -  

t e r e d .   The  f i l t r a t e   was  c o n c e n t r a t e d   a t   a  low  t e m p e r a t u r e  

to   g i v e   3 . 2   g  of   a  p a l e   b rown   l i q u i d   as  a  r e s i d u e .   T h e  

p r o d u c t   s h o w e d   t h e   f o l l o w i n g   p r o p e r t i e s .  
IR  ( n e a t ) :   n e a r   1825   cm-1  ( ν c = o )  
NMR  ( C D C l 3 ,  δ ( p p m ) )  :  

5 . 0   ( = C - C H - B r ,   n ) ,   1 . 3 - 3 . 0   ( c y c l i c   p r o t o n ,   m ) .  

(2)  P r o d u c t i o n   of   A m p i c i l l i n   ( 2 , 3 - c a r b o n y l d i o x y - 2 - c y c l o -  

h e x e n y l ) e s t e r   h y d r o c h l o r i d e : -  

By  t h e   same  m e t h o d   as  shown  i n   E x a m p l e   1,  ( 2 ) ,  

256  mg  of   A m p i c i l l i n   ( 2 , 3 - c a r b o n y l d i o x y - 2 - c y c l o h e x e n y l )  

e s t e r   h y d r o c h l o r i d e   was  o b t a i n e d   as  a  c o l o r l e s s   a m o r p h o u s  

s o l i d   f rom  2  g  o f   A m p i c i l l i n   t r i h y d r a t e   and  1  g  of   3 - '  

b r o n o - 1 , 2 - c a r b o n y l d i o x y c y c l o h e x e n e   ( y i e l d   1 0 . 2 % ) .  

A p p e a r a n c e :   c o l o r l e s s   a m o r p h o u s   s o l i d  

M e l t i n g   p o i n t :   140°C   ( d e c o n p . )  

IR  ( K B r ) :   1830   cm-1  ( c y c l i c   c a r b o n a t e ) ,   1780  c m - 1  

( β - l a c t a m )  ,   1750  cm-1  ( e s t e r ) ,   1690  cm-1  

( a m i d e ) .  

The  r e s u l t i n g   A m p i c i l l i n   e s t e r   h y d r o c h l o r i d e  



was  i n c u b a t e d   i n   40%  m o u s e   b l o o d   i n  p H   7 . 4   p h o s p h a t e  

b u f f e r   a t   37°C  f o r   10  m i n u t e s ,   and  t h e n   s u b j e c t e d   to   b i o -  

a u t o g r a p h y .   I t   was  f o u n d   to   be  c o m p l e t e l y   c o n v e r t e d   t o  

A m p i c i l l i n .  

E x a m p l e   4  

(1)  P r o d u c t i o n   o f   4 - b r o n o n e t h y l - 1 , 3 - d i o x o l e n - 2 - o n e : -  

In   200  ml  o f   c a r b o n   t e t r a c h l o r i d e   was  d i s s o l v e d  

8 . 6   g  o f   4 - m e t h y l - 1 , 3 - d i o x o l e n - 2 - o n e   ( s y n t h e s i z e d   by  t h e  

m e t h o d   d e s c r i b e d   i n   U.  S.  P a t e n t   No.  3 , 0 2 0 , 2 9 0 ) .   N - b r o n o -  

s u c c i n i m i d e   ( 1 7 . 8   g)  and   a  c a t a l y t i c   a m o u n t   o f   @ , @ ' - a z o -  

b i s i s o b u t y r o n i t r i l e   w e r e   a d d e d   to  t h e   s o l u t i o n ,   a n d   t h e  

m i x t u r e   was  h e a t e d   u n d e r   r e f l u x   f o r   90  m i n u t e s .   T h e  

r e a c t i o n   m i x t u r e   was  w o r k e d   up  in   t h e   same  way  as   i n  

E x a m p l e   2  to   g i v e   5 . 2   g  ( y i e l d   33 .6%)  of   a  c o l o r l e s s   l i q u i d  

h a v i n g   a  b o i l i n g   p o i n t   o f   9 4 ° C / 3   mm.  The  p r o d u c t   h a d  

t h e   f o l l o w i n g   p r o p e r t i e s .  

E l e m e n t a l   a n a l y s i s ,   m o l e c u l a r   f o r m u l a   C 4 H 3 B r O 3 :  

C a l c u l a t e d   (%):  C,  2 6 . 8 4 ;   H,  1 . 6 9 ;   Br ,   4 4 . 6 5  

F o u n d   (%):  C,  2 6 . 9 4 ;   H,  1 . 6 6 ;   Br ,   4 4 . 6 0  

IR  ( n e a t ) :   n e a r   1830   cm-1  ( ν c = o )  
NMR  ( C C l 4 ,  δ   ( p p m ) ) :  

4 . 1 0   ( - C H 2 B r ,  s ) ,  7 . 0 0  ( = C H - O - ,  s ) .  

From  t h e s e   d a t a ,   t h e   p r o d u c t   was  i d e n t i f i e d   a s  

t h e   t i t l e   c o m p o u n d .  

(2)  P r o d u c t i o n   of   A m p i c i l l i n   ( 2 - o x o - 1 , 3 - d i x o l e n - 4 - y l ) -  

m e t h y l   e s t e r   h y d r o c h l o r i d e : -  

A m p i c i l l i n   t r i h y d r a t e   (2  g)  was  d i s p e r s e d   i n  

2 4  m l   o f   d i m e t h y l   f o r m a m i d e ,   and  500  mg  of   p o t a s s i u m  

h y d r o g e n   c a r b o n a t e   was  a d d e d .   The  m i x t u r e   was  c o o l e d   t o  

0°C,  and   1  ml  of   b e n z a l d e h y d e   was  a d d e d .   The  m i x t u r e   w a s  
s t i r r e d   a t   0  to  5°C  f o r   3  h o u r s .   To  t h e   m i x t u r e   w e r e  

a d d e d   500  mg  of  p o t a s s i u m   h y d r o g e n   c a r b o n a t e   and   1  g  o f  

4 - b r o m o m e t h y l - 1 ,   3 - d i o x o l   e n - 2 - o n e ,   and  t h e   m i x t u r e   w a s  

s t i r r e d   a t   0  to  5°C  f o r   6  h o u r s .  

A f t e r   t h e   r e a c t i o n ,   t h e   r e a c t i o n   m i x t u r e   w a s  

p o u r e d   i n t o   i c e   w a t e r ,   and  e x t r a c t e d   w i t h   e t h y l   a c e t a t e .  



The  e x t r a c t   was  w a s h e d   w i t h   i c e   w a t e r ,   and  t h e   e t h y l  

a c e t a t e   l a y e r   was  c o n c e n t r a t e d   u n d e r   r e d u c e d   p r e s s u r e   t o  

r e m o v e   e t h y l   a c e t a t e .   The  r e s u l t i n g   s y r u p   was  d i s s o l v e d  

i n   10  ml  o f   a c e t o n i t r i l e .   The  s o l u t i o n   was  a d j u s t e d   t o  

pH  2 .0   w i t h   d i l u t e   h y d r o c h l o r i c   a c i d ,   and  s t i r r e d   a t  
0°C  f o r   20  m i n u t e s .  

W a t e r   (20  ml)   was  a d d e d ,   and  t h e   m i x t u r e   w a s  

c o n c e n t r a t e d   u n d e r   r e d u c e d   p r e s s u r e   to   r e m o v e   a c e t o n i t r i l e .  

The  a q u e o u s   l a y e r   was  r e p e a t e d l y   w a s h e d   w i t h   e t h y l   a c e t a t e ,  

and  s a t u r a t e d   w i t h   s o d i u m   c h l o r i d e   to   p r e c i p i t a t e   an  o r a n g e  

g u m - l i k e   s u b s t a n c e .   The  a q u e o u s   l a y e r   was  r e m o v e d   b y  

d e c a n t a t i o n .   The  g u m - l i k e   s u b s t a n c e   was  d i s s o l v e d   i n  

m e t h a n o l ,   d e c o l o r i z e d   w i t h   a c t i v a t e d   c a r b o n ,   c o o l e d   t o  

0°C,   and  p o u r e d   i n t o   v i g o r o u s l y   s t i r r e d   e t h e r   to  p r e c i p i t a t e  

a  p a l e   o r a n g e   s o l i d .   The  s o l i d   was  c o l l e c t e d   by  f i l t -  

r a t i o n ,   and  w a s h e d   w i t h   a  m i x t u r e   of  e t h e r   and  m e t h a n o l  

to   g i v e   600  ng  ( y i e l d   26%)  of   A m p i c i l l i n   ( 2 - o x o - 1 , 3 -  

d i o x o l e n - 4 - y l ) m e t h y l   e s t e r   h y d r o c h l o r i d e   as  a  p a l e   o r a n g e  

a m o r p h o u s   s o l i d .  

M e l t i n g   p o i n t :   1 3 0 ° C   ( d e c o m p . )  

IR  ( K B r ) :   1835  cm-1  ( c y c l i c   c a r b o n a t e ) ,   1790   cm-1  

( β - l a c t a m ) ,   1750   cm-1  ( e s t e r ) ,   1690   cm-1  

( a n i d e )  

NMR  ( d e u t e r i u m   o x i d e ,  δ  ( p p m ) ) :  

1 . 3 6   (6H,  m e t h y l   at   t h e   2 - p o s i t i o n ,   s ) ,   4 . 5 8  

(1H,  p r o t o n   at   t h e   3 - p o s i t i o n ,   s ) ,   5 . 1 1   ( 2 H ,  

s ) ,   5 . 2 3   ( lH,   b e n z y l   p r o t o n ,   s ) ,  

5 . 4 9   ( lH ,   p r o t o n   a t   t h e   5 - p o s i t i o n ,   d,  J = 2 . 0   H z ) ,  

5 . 5 8   ( lH,   p r o t o n   at  t h e   6 - p o s i t i o n ,   d,  J = 2 . 0   H z ) ,  

7 . 5   ( 6 H ,  and  b e n z e n e   p r o t o n ,   m),  8 . 9  

(3H,  -NH⊕3,  m),  9 . 3   ( lH,   CONH,  d ) .  

The  r e s u l t i n g   A m p i c i l l i n   e s t e r   h y d r o c h l o r i d e  



was  i n c u b a t e d   i n   40%  mouse   b l o o d   i n   pH  7 . 4   p h o s p h a t e  

b u f f e r   a t   37°C  f o r   10  n i n u t e s ,   and  t h e n   s u b j e c t e d   to   b i o -  

a u t o g r a p h y .   I t   was  f o u n d   to  be  c o m p l e t e l y   c o n v e r t e d   t o  

A m p i c i l l i n .  

E x a m p l e   5  

(1)   P r o d u c t i o n   of   B e n z y l p e n i c i l l i n   ( 5 - n e t h y l - 2 - o x o - 1 , 3 -  

d i o x o l e n - 4 - y l ) n e t h y l   e s t e r :  

Ten   g r a m s   o f   b e n z y l p e n i c i l l i n   p o t a s s i u m   s a l t  

was  d i s p e r s e d   i n   50  ml  o f   d i m e t h y l   f o r m a m i d e ,   and  w i t h  

i c e   c o o l i n g ,   520  mg  of   p o t a s s i u m   h y d r o g e n   c a r b o n a t e  

and  5 . 2   g  o f   5 - b r o n o n e t h y l - 5 - n e t h y l - 1 ,   3 - d i x o l e n - 2 - o n e   w e r e  

a d d e d ,   t h e n   t h e   m i x t u r e   was  s t i r r e d   at   0°C  f o r   4  h o u r s .  

The  r e a c t i o n   m i x t u r e   was  p o u r e d   i n t o   i c e   w a t e r ,   and  t h e  

p r e c i p i t a t e d   s o l i d   was  c o l l e c t e d   by  f i l t r a t i o n .   I t   w a s  

d i s s o l v e d   i n   e t h y l   a c e t a t e ,   w a s h e d   w i t h  a   d i l u t e   a q u e o u s  
s o l u t i o n   o f   s o d i u m   h y d r o g e n   c a r b o n a t e   and  t h e n   r e p e a t e d l y  

w i t h   i c e   w a t e r .   The  e t h y l   a c e t a t e   l a y e r   was  t h e n   d r i e d  

o v e r   a n h y d r o u s   m a g n e s i u m   s u l f a t e ,   and  t h e   s o l v e n t   w a s  

d i s t i l l e d   o f f   u n d e r   r e d u c e d   p r e s s u r e .   T h e r e   was  o b t a i n e d  

1 2 . 5   g  ( y i e l d   94%)  o f   b e n z y l p e n i c i l l i n   ( 5 - m e t h y l - 2 - o x o -  

1 , 3 - d i o x o l e n - 4 - y l ) m e t h y l   e s t e r .  

IR  (KBr)  :   1 8 2 5   cm-1  ( c y c l i c   c a r b o n a t e ) ,   1 ? 8 5   c m - 1  

( β - l a c t a m ) ,   1750  cm-1  ( e s t e r ) ,   1670   c m - 1  

( a m i d e )  

NMR  ( d e u t e r o c h l o r o f o r m ,   δ ( p p m ) )  :  

1 . 3 7   and  1 . 4 2   (6H,  n e t h y l   at   t h e   2 - p o s i t i o n ,   s ) ,  

2 . 1 3   ( 3 H ,  s) ,  3 . 7 2   (2H,  - C H 2 - C 6 H 5 ,   s )  

4 . 2 9   ( lH ,   p r o t o n   at  t h e   3 - p o s i t i o n ,   s ) ,   4 . 8 0  

( 2 H ,  s ) ,   5 . 3 6   ( lH ,   p r o t o n   a t   t h e  

6 - p o s i t i o n ,   s ) ,   5 . 5 9   ( 1 H ,  p r o t o n   a t   t h e   5 -  

p o s i t i o n ,   d ) ,   6 . 1 6   ( lH,   NH,  d ) ,   7 . 1 4   ( 5 H ,  

p r o t o n s   o n   t h e   b e n z e n e   r i n g ,   s ) .  



(2)   P r o d u c t i o n   o f   ( 5 - m e t h y l - 2 - o x o - 1 , 3 - d i o x o l e n - 4 - y l ) -  

m e t h y l   6 - a m i n o p e n i c i l l a n a t e   h y d r o c h l o r i d e :  

P h o s p h o r u s   p e n t a c h l o r i d e   ( 5 . 9   g)  was  d i s s o l v e d  

i n   d ry   m e t h y l e n e   c h l o r i d e   (30  m l ) ,   and   6 . 3   ml  o f   q u i n o l i n e  

was  a d d e d .   The  s o l u t i o n   was  c o o l e d   to   - 3 0 ° C   w i t h   d ry   i c e -  

a c e t o n e .   Wi th   v i g o r o u s   s t i r r i n g ,   11  g  of   t h e   a b o v e   b e n z y l -  

p e n i c i l l i n   ( 2 - o x o - 5 - n e t h y l - 1 , 3 - d i o x o l e n - 4 - y l ) m e t h y l   e s t e r  

d i s s o l v e d   i n   d r y   m e t h y l e n e   c h l o r i d e   (10  ml)  was  a d d e d  

d r o p w i s e ,   and  t h e   m i x t u r e   was  s t i r r e d   a t   t h i s   t e m p e r a t u r e  

f o r   35  m i n u t e s .   P r o p y l   a l c o h o l   (20  ml )   was  a d d e d   d r o p -  

w i s e   o v e r   5  m i n u t e s ,   and  t h e   m i x t u r e   was  s t i r r e d   f o r   3 0  

m i n u t e s .   W i t h   v i g o r o u s   s t i r r i n g ,   20  ml  of   a  s a t u r a t e d  

s o l u t i o n   of   s o d i u m   c h l o r i d e   was  a d d e d   d r o p w i s e   and  t h e  

m i x t u r e   was  s t i r r e d   f o r   a b o u t   an  h o u r .   Then ,   t h e   m e t h y l e n e  

c h l o r i d e   l a y e r   was  s e p a r a t e d ,   w a s h e d   w i t h   s a t u r a t e d  

s o d i u m   c h l o r i d e   s o l u t i o n ,   d r i e d   o v e r   a n h y d r o u s   s o d i u m  

s u l f a t e   and  e v a p o r a t e d   to   d r y n e s s   to   a f f o r d   a  gum.  T h e  

gum  was  w a s h e d   w i t h   n - h e x a n e   to   g i v e   6 . 6   g  ( y i e l d   72%)  

of   ( 5 - m e t h y l - 2 - o x o - 1 , 3 - d i o x o l e n - 4 - y l ) m e t h y l   6 - a m i n o -  

p e n i c i l l a n a t e   h y d r o c h l o r i d e   as  a  p a l e   y e l l o w   a m o r p h o u s  

s u b s t a n c e .  

( 3 )  P r o d u c t i o n   o f   D - ( - ) - p h e n y l g l y c y l   c h l o r i d e   h y d r o c h l o r i d e :  

S e p a r a t e l y ,   10  g  of   D - ( - ) - p h e n y l g l y c i n e   w a s  

a d d e d   to   250  ml  o f   m e t h y l e n e   c h l o r i d e .   The  m i x t u r e   w a s  

c o o l e d   to  0°C,   and  by  p a s s i n g   h y d r o g e n   c h l o r i d e   g a s ,   t h e  

h y d r o c h l o r i d e   of   t h e   p h e n y l g l y c i n e   was  f o r m e d .   P h o s p h o r u s  

p e n t a c h l o r i d e   (20  g)  was  a d d e d ,   and  t h e   m i x t u r e   was  s t i r r e d  

at   0  to   5°C  f o r   4  h o u r s .   The  s o l i d   p r e c i p i t a t e d  w a s  

c o l l e c t e d   by  f i l t r a t i o n ,   and  r e p e a t e d l y   w a s h e d   w i t h  

m e t h y l e n e   c h l o r i d e   to  g i v e   1 3 . 1   g  ( y i e l d   90%)  of   D - ( - ) -  

p h e n y l g l y c y l   c h l o r i d e   h y d r o c h l o r i d e   as  a  c o l o r l e s s  

a m o r p h o u s   s o l i d .  

(4)   P r o d u c t i o n   of   A m p i c i l l i n   ( 5 - m e t h y l - 2 - o x o - 1 , 3 - d i o x o l e n -  

4 - y l ) m e t h y l   e s t e r   h y d r o c h l o r i d e :  

T w o - h u n d r e d   m i l l i g r a m s   of  t h e   6 - a m i n o p e n i c i l l a n i c  

a c i d   e s t e r   h y d r o c h l o r i d e   o b t a i n e d   as  a b o v e   was  d i s p e r s e d  

in   10  nl  of   m e t h y l e n e   c h l o r i d e ,   and  50  mg  of  p o t a s s i u m  



h y d r o g e n   c a r b o n a t e   was  a d d e d .   The  m i x t u r e   was  s t i r r e d  

a t   0°C  f o r   15  m i n u t e s .   T h e n ,   110  mg  of   t h e   a c i d   c h l o r i d e  

o b t a i n e d   as  a b o v e   was  a d d e d ,   and  t h e   m i x t u r e   was  s t i r r e d  

f o r   2  h o u r s   and  t h e n   f o r   a n o t h e r   2  h o u r s   a t   room  t e m p e r a -  

t u r e .  

A f t e r   t h e   r e a c t i o n ,   t h e   s o l i d   was  s e p a r a t e d   b y  

f i l t r a t i o n ,   and  t h e   f i l t r a t e   was  c o n c e n t r a t e d   u n d e r   r e -  

d u c e d   p r e s s u r e .   The  r e s u l t i n g   s y r u p   was  d i s s o l v e d   i n  

w a t e r ,   and  w a s h e d   w i t h   e t h y l   a c e t a t e .   The  a q u e o u s   l a y e r  

was  s a t u r a t e d   w i t h   s o d i u m   c h l o r i d e ,   and  t h e   s e p a r a t e d  

o i l y   s u b s t a n c e   was  e x t r a c t e d   w i t h   m e t h y l e n e   c h l o r i d e .   T h e  

e x t r a c t   was  w a s h e d   w i t h   a  s a t u r a t e d   a q u e o u s   s o l u t i o n   o f  

s o d i u m   c h l o r i d e   and  c o n c e n t r a t e d   u n t i l   t h e   a m o u n t   o f  

n e t h y l e n e   c h l o r i d e   d e c r e a s e d   to  h a l f .   Upon  a d d i t i o n   o f  

i s o p r o p y l   a l c o h o l ,   a  c o l o r l e s s   s o l i d   was  p r e c i p i t a t e d .  

The  s o l i d   was  c o l l e c t e d   by  f i l t r a t i o n   and  w a s h e d   w i t h  

i s o p r o p y l   a l c o h o l   and  e t h e r   to  g i v e   132  mg  ( y i e l d   54%) 

o f   A m p i c i l l i n   ( 5 - m e t h y l - 2 - o x o - 1 , 3 - d i o x o l e n - 4 - y l ) m e t h y l  

e s t e r   h y d r o c h l o r i d e   as  an  a m o r p h o u s   s o l i d .  

The  m e l t i n g   p o i n t   and  s p e c t r o s c o p i c   d a t a   o f  

t h i s   p r o d u c t   w e r e   i d e n t i c a l   w i t h   t h o s e   o f   t h e   p r o d u c t  

o b t a i n e d   in   E x a m p l e   2  ( 2 ) .  

E x a m p l   e  6  

P r o d u c t i o n   of  A m p i c i l l i n   ( 2 - o x o - 5 - p h e n y l - 1 , 3 - d i o x o l e n - 4 -  

y l ) m e t h y l   e s t e r   h y d r o c h l o r i d e :  

By  t h e   same  m e t h o d   as  shown  i n   E x a m p l e   5,  ( 2 - o x o -  

5 - p h e n y l - 1 , 3 - d i o x o l e n - 4 - y l ) m e t h y l   6 - a m i n o p e n i c i l a n a t e  

h y d r o c h l o r i d e   was  o b t a i n e d   i n   a  y i e l d   of   74%  f rom  4 -  

b r o m o m e t h y l - 5 - p h e n y l - 1 , 3 - d i o x o l e n - 2 - o n e   and  b e n z y l p e n i c i l l i n  

p o t a s s i u m   s a l t .  

From  200  mg  of   t h e   r e s u l t i n g   e s t e r   h y d r o c h l o r i d e  

and   95  mg  of  D - ( - ) - p h e n y l g l y c y l   c h l o r i d e   h y d r o c h l o r i d e ,  

148   mg  ( y i e l d   5 6 % )  o f   A m p i c i l l i n   ( 2 - o x o - 5 - p h e n y l - 1 , 3 -  

d i o x o l e n - 4 - y l ) m e t h y l   e s t e r   h y d r o c h l o r i d e   was  o b t a i n e d   a s  

a  c o l o r l e s s   a m o r p h o u s   s o l i d .  

The  m e l t i n g   p o i n t   and  s p e c t r o s c o p i c   d a t a   o f  

t h i s   p r o d u c t   were   i d e n t i c a l   w i t h   t h e s e   o f   t h e   p r o d u c t  



o b t a i n e d   i n   E x a m p l e   1  ( 2 ) .  

E x a m p l e  7  

(1)   P r o d u c t i o n   of   ( 5 - m e t h y l - 2 - o x o - 1 , 3 - d i o x o l e n - 4 - y l ) -  

m e t h y l   6 - a m i n o p e n i c i l l a n a t e   p - t o l u e n e s u l f o n a t e : -  

In   100  ml  o f   d i m e t h y l   f o r m a m i d e   was  d i s s o l v e d  

13  g  o f   6 β - t r i t y l a n i n o p e n i c i l l a n i c   a c i d   s y n t h e s i z e d   b y  

t h e   m e t h o d   d e s c r i b e d   i n   J .   An.  Chem.  Soc .   84,  2983  ( 1 9 6 3 ) .  

The  s o l u t i o n   was  c o o l e d   to   0  to   5°C,  and  3  g  of   p o t a s s i u m  

h y d r o g e n   c a r b o n a t e   and   6  g  of   4 - b r o m o m e t h y l - 5 - m e t h y l - 1 , 3 -  

d i o x o l e n - 2 - o n e   w e r e   a d d e d .   The  m i x t u r e   was  s t i r r e d   a t  

t h e   a b o v e   t e m p e r a t u r e   f o r   3  h o u r s .   A f t e r   t h e   r e a c t i o n ,  

t h e   r e a c t i o n   m i x t u r e   was  p o u r e d   i n t o   i c e   w a t e r .   T h e  

p r e c i p i t a t e d   y e l l o w   s o l i d   was  e x t r a c t e d   w i t h   3 0 0  m l   o f  

e t h y l   a c e t a t e .   The  e t h y l   a c e t a t e   l a y e r   was  w a s h e d   s e v e r a l  

t i n e s   w i t h   a  s a t u r a t e d   a a u e o u s   s o l u t i o n   of   s o d i u m   c h l n r i d e ,  

d r i e d   o v e r   a n h y d r o u s   m a g n e s i u m   s u l f a t e   and  c o n c e n t r a t e d  

u n d e r   r e d u c e d   p r e s s u r e   to  g i v e   a  y e l l o w   s y r u p .   The  s y r u p  

was  d i s s o l v e d   i n   80  ml  of   e t h y l   a c e t a t e ,   and  w i t h   i c e  

c o o l i n g ,   5 . 2   g  of   p - t o l u e n e s u l f o n i c   a c i d   was  a d d e d .   T h e  

m i x t u r e   was  s t i r r e d   u n d e r   i c e   c o o l i n g   f o r   1  h o u r ,   w h e r e -  

u p o n  a   c o l o r l e s s   s o l i d   p r e c i p i t a t e d .   The  s o l i d   w a s  

c o l l e c t e d   by  f i l t r a t i o n   and  w e l l   w a s h e d   w i t h   e t h y l   a c e t a t e  

to  g i v e   8 . 3   g  ( y i e l d   60%)  o f   t h e   t i t l e   c o m p o u n d .  
IR  ( K B r ) :   1820   cm-1  ( c y c l i c   c a r b o n a t e ) ,   1780  c m - 1  

( β - l a c t a m ) ,   1760   cm-1  ( e s t e r )  

NMR  ( d e u t e r o d i m e t h y l s u l f o x i d e ,   δ  ( p p m ) )  :  

1 . 4 0   and  1 . 5 9   ( 6 H ,  m e t h y l   a t   t h e   2 - p o s i t i o n ,   s ) ,  

2 . 1 2   ( 3 H ,  s ) ,   4 . 4 6   (1H,  p r o t o n   a t  

t h e   3 - p o s i t i o n ,   s ) ,   4 . 9 0 - 5 . 1 0   (3H,  p r o t o n   a t  

t h e   6 - p o s i t i o n   a n d  -  m) ,  5 .41   ( 1 H ,  

( p r o t o n   a t   t h e   5 - p o s i t i o n ,   d) ,   2 . 2 4   ( 3 H ,  

s ) ,   6 . 9 7   and  7 . 3 8   (4H,  a r o m a t i c  



p r o t o n s   o f  

(2)  P r o d u c t i o n   of  A n p i c i l l i n   ( 5 - m e t h y l - 2 - o x o - 1 , 3 - d i o x o l e n -  

4 - y l ) m e t h y l   e s t e r   h y d r o c h l o r i d e : -  

F i v e   g rams   o f   ( 5 - m e t h y l - 2 - o x o - 1 ,   3 - d i o x o l e n - 4 -  

y l ) m e t h y l   6 - a m i n o p e n i c i l l a n a t e   p - t o l u e n e s u l f o n a t e   w a s  

s u s p e n d e d   i n   300  ml  o f   e t h y l   a c e t a t e .   To  t h e   s u s p e n s i o n  

was  a d d e d   a t   0°C  200  ml  o f   a  2%  a q u e o u s   s o l u t i o n   of   s o d i u m  

h y d r o g e n   c a r b o n a t e   c o o l e d   w i t h   i c e .   The  m i x t u r e   w a s  

v i g o r o u s l y   s t i r r e d .   The  e t h y l   a c e t a t e   l a y e r   was  s e p a r a t e d ,  

w a s h e d   w i t h   i c e   w a t e r ,   d r i e d   at  0°C  o v e r   a n h y d r o u s   m a g n e s i u m  

s u l f a t e ,   and  c o n c e n t r a t e d   u n d e r   r e d u c e d   p r e s s u r e   to  g i v e  

a  p a l e   y e l l o w   s y r u p .   The  s y r u p   was  d i s s o l v e d   i n   50  ml  

o f  m e t h y l e n e   c h l o r i d e .   The  s o l u t i o n   was  c o o l e d   to  0 ° C ,  

and  1  g  o f   p o t a s s i u m   h y d r o g e n   c a r b o n a t e   and  2 .1  g  o f  

D - ( - ) - p h e n y l g l y c y l   c h l o r i d e   h y d r o c h l r r i d e   w e r e   a d d e d ,   a n d  

t h e   m i x t u r e   was  s t i r r e d   a t   0°C  f o r   4  h o u r s .   A f t e r   t h e  

r e a c t i o n ,   t h e   i n s o l u b l e   m a t e r i a l   was  s e p a r a t e d   by  f i l -  

t r a t i o n ,   and  t h e   f i l t r a t e   was  c o n c e n t r a t e d   u n d e r   r e d u c e d  

p r e s s u r e .   The  r e s u l t i n g   s y r u p   was  d i s s o l v e d   in   w a t e r   a n d  

w a s h e d   w i t h   e t h y l   a c e t a t e .   The  a q u e o u s   l a y e r   was  s a t u -  

r a t e d   w i t h   sod ium  c h l o r i d e .   The  s e p a r a t e d   o i l y   s u b s t a n c e  

was  e x t r a c t e d   w i t h   m e t h y l e n e   c h l o r i d e ,   w a s h e d   w i t h   a  

s a t u r a t e d   a q u e o u s   s o l u t i o n   of   sodium  c h l o r i d e ,   and  d r i e d  

o v e r   a n h y d r o u s   s o d i u m   s u l f a t e .   The  d r i e d   p r o d u c t   w a s  

c o n c e n t r a t e d   u n d e r   r e d u c e d   p r e s s u r e   u n t i l   t h e   a m o u n t  

of   m e t h y l e n e   c h l o r i d e   d e c r e a s e d   to  one  h a l f .   I s o p r o p y l  

a l c o h o l   was  a d d e d ,   and  t h e   m i x t u r e   was  a g a i n   c o n c e n t r a t e d  

u n d e r   r e d u c e d   p r e s s u r e   to   p r e c i p i t a t e   a  c o l o r l e s s   s o l i d .  

The  s o l i d   was  c o l l e c t e d   by  f i l t r a t i o n ,   and  washed   w i t h  

e t h e r   to   g i v e   2 .6   g  ( y i e l d   51%)  of  A m p i c i l l i n   ( 5 - n e t h y l -  

2 - o x o - 1 , 3 - d i o x o l e n - 4 - y l ) m e t h y l   e s t e r   h y d r o c h l o r i d e   as  a  

c o l o r l e s s   a m o r p h o u s   s o l i d .  

The  m e l t i n g   p o i n t   and  s p e c t r o s c o p i   c  d a t a   of  t h i s  

p r o d u c t   were   i d e n t i c a l   w i t h   t h o s e   of  t h e   p r o d u c t   o b t a i n e d  

i n   E x a m p l e   2  ( 2 ) .  



E x a m p l e   8  

F o r m u l a t i o n   o f   an  a n t i b a c t e r i a l   a g e n t : -  

The  a b o v e   i n g r e d i e n t s   w e r e   m i x e d   and  e n c a p s u l a t e d  

to  form  a  c a p s u l e .  

An  e t h a n o l   s o l u t i o n   o f   t h e   h y d r o x y p r o p y l   c e l l u l o s e  

was  p r e p a r e d ,   and  a d d e d   to  t h e   A m p i c i l l i n   e s t e r   h y d r o -  

c h l o r i d e   and  l a c t o s e .   They  w e r e   k n e a d e d ,   e x t r u d e d   t h r o u g h  

a  s c r e e n ,   and  d r i e d   to  form  g r a n u l e s .  

The  A n p i c i l l i n   e s t e r   h y d r o c h l o r i d e ,   c r y s t a l l i n e  

c e l l u l o s e   and  l a c t o s e   we re   m i x e d ,   and  an  e t h a n o l   s o l u t i o n  

of   h y d r o x y p r o p y l   c e l l u l o s e   was  a d d e d .   They  w e r e   k n e a d e d  

and  d r i e d .   To  t h e   d r i e d   m i x t u r e   was  a d d e d   n a g n e s i u n  

s t e a r a t e .   They  were   m i x e d   and  t a b u l a t e d   to   fo rm  a  t a b l e t .  



1.   An  A n p i c i l l i n   e s t e r   o f   t h e   g e n e r a l   f o r m u l a  

w h e r e i n  R 1   r e p r e s e n t s   a  h y d r o g e n   a tom,   a  m e t h y l  

g r o u p   or   an  a r y l   g r o u p ,   and   R2  r e p r e s e n t s   a  

h y d r o g e n   atom  or   may  be  t a k e n   t o g e t h e r   w i t h   R1  
to   f o r m   a  d i v a l e n t   c a r b o n   c h a i n   r e s i d u e ,  

or   i t s   a c i d   a d d i t i o n   s a l t .  

2.  The  compound   of  c l a i m   1  w h e r e i n   R1  i s   a  m e t h y l  

g r o u p   and  R2  i s   a  h y d r o g e n   a t o m .  

3.  The  compound   of  c l a i m   1  w h e r e i n  R 1   and  R2  a r e  

h y d r o g e n   a t o m s .  

4.  The  compound   of   c l a i m   1  w h e r e i n  R 1   i s   a  p h e n y l  

g r o u p   and  R2  i s   a  h y d r o g e n   a t o n .  

5.  The  compound   of  c l a i m   1  w h e r e i n  R 1   and  R 2  

t o g e t h e r   f o r m   t h e   g roup   ( C H 2 ) 3   o r   t h e   g r o u p   ( C H 2 ) 5 .  

6.  An  a n t i b a c t e r i a l   a g e n t   c o m p r i s i n g   an  A m p i c i l l i n  

e s t e r   o f   t h e   f o r m u l a  

w h e r e i n   R1  r e p r e s e n t s   a  h y d r o g e n   a tom,   a  m e t h y l  

g r o u p   or   an  a r y l   g r o u p ,   and  R2  r e p r e s e n t s   a  

h y d r o g e n   atom  or  may  be  t a k e n   t o g e t h e r   w i t h  R 1  
to   f o r m   a  d i v a l e n t   c a r b o n   c h a i n   r e s i d u e ,  

or   i t s   p h a r n a c e u t i c a l l y   a c c e p t a b l e   a c i d   a d d i t i o n   s a l t .  

7.  The  a n t i b a c t e r i a l   a g e n t  o f   c l a i m   6  w h i c h   i s   i n  

a  u n i t   d o s a g e   fo rm  f o r   o r a l   a d m i n i s t r a t i o n .  

8.  A  p r o c e s s   f o r   p r o d u c i n g   an  A m p i c i l l i n   e s t e r  



of   t h e   g e n e r a l   f o r m u l a  

w h e r e i n   R1  r e p r e s e n t s   a  h y d r o g e n   a tom,   a  m e t h y l  

g r o u p   o r   an  a r y l   g r o u p ,   and  R2  r e p r e s e n t s   a  

h y d r o g e n   a t o m ,   or   may  be  t a k e n   t o g e t h e r   w i t h  R 1  
to  form  a  d i v a l e n t   c a r b o n   c h a i n   r e s i d u e ,  

or  i t s   a c i d   a d d i t i o n   s a l t ,   w h i c h   c o m p r i s e s   (1)  r e a c t i n g   a  

compound   of   t h e   g e n e r a l   f o r m u l a  

w h e r e i n  A   r e p r e s e n t s   a  p r o t e c t e d   amino  g r o u p ,   o r  

a  g r o u p   c o n v e r t i b l e   to   an  amino   g r o u p ,  

or   i t s   s a l t   at  t h e   c a r b o x y l   g r o u p ,   w i t h   a  compound  of  t h e  

g e n e r a l   f o r m u l a  

w h e r e i n   R1  and   R2  a r e   as  d e f i n e d   a b o v e ,   a n d  X  

r e p r e s e n t s   a  h a l o g e n   a t o m ,  

(2)  t h e r e a f t e r ,   i f   r e q u i r e d ,   when  t h e   r e s u l t i n g   c o m p o u n d  

has   t h e   p r o t e c t e d   amino   g roup   or   t h e   g r o u p   c o n v e r t i b l e   t o  

an  amino   g r o u p   r e p r e s e n t e d   by  A,  d e p r o t e c t i n g   t h e   p r o t e c t e d  

amino  g r o u p ,   or  c o n v e r t i n g   s a i d   c o n v e r t i b l e   g roup   i n t o  

an  amino   g r o u p ,   and  (3)   i f   f u r t h e r   r e q u i r e d ,   c o n v e r t i n g  

t h e   p r o d u c t   to  an  a c i d   a d d i t i o n   s a l t .  

9.  The  p r o c e s s   of  c l a i m   8  w h e r e i n   t h e   compound  o f  

g e n e r a l   f o r m u l a   ( I I )   i s   r e a c t e d   w i t h   t h e   compound  o f  

g e n e r a l   f o r m u l a   ( I I I )   in   t h e   p r e s e n c e   o f  a   b a s e .  



10.   The  p r o c e s s   o f   c l a i m   8  o r   9  w h e r e i n   t h e   r e a c t i o n  

i n   s t e p   (1)   i s   c a r r i e d   ou t   i n   a  s o l v e n t   s y s t e m   c o n s i s t i n g  

s u b s t a n t i a l l y   of   an  a p r o t i c   i n e r t   o r g a n i c   s o l v e n t .  

11 .   The  p r o c e s s   o f   any  one  of   c l a i m s   8  t o   10  w h e r e i n  

t h e   r e a c t i o n   i n   s t e p   (1)   i s   c a r r i e d   o u t   a t   a  t e m p e r a t u r e  

of   n o t   more   t h a n   a b o u t   5 0 ° C .  

12.   The  p r o c e s s   of   c l a i m   8  w h e r e i n   a  c o m p o u n d   o f  

g e n e r a l   f o r m u l a   ( I I )   i n   w h i c h   A  r e p r e s e n t s   a  S c h i f f   b a s e  

g r o u p   o r   an  e n a m i n e   g r o u p   i s   r e a c t e d   w i t h   t h e   c o m p o u n d  

of  g e n e r a l   f o r m u l a   ( I I I ) ,   t h e r e a f t e r   t h e   S c h i f f   b a s e   g r o u p  

or   e n a m i n e   g r o u p   of   t h e   r e s u l t i n g   p r o d u c t   i s   c o n v e r t e d  

to  an  amino   g r o u p ,   and  t h e n   i f   r e q u i r e d ,   t h e   p r o d u c t   i s  

c o n v e r t e d   to   an  a c i d   a d d i t i o n   s a l t .  

13.   The  p r o c e s s   of  c l a i m   8  w h e r e i n   a  c o m p o u n d   o f  

g e n e r a l   f o r m u l a   ( I I )   i n   w h i c h   A  i s   an  amino   g r o u p   i n   t h e  

form  o f   a  h y d r o c h l o r i d e   i s   r e a c t e d   w i t h   t h e   compound   o f  

g e n e r a l   f o r m u l a   ( I I I )   to   form  t h e   h y d r o c h l o r i d e   c f   t h e  

c o m p o u n d   o f   g e n e r a l   f o r m u l a   ( I ) .  

14.  A  p r o c e s s   f o r   p r o d u c i n g   an  A m p i c i l l i n   e s t e r   o f  

t h e   g e n e r a l   f o r m u l a  

w h e r e i n   R1  r e p r e s e n t s   a  h y d r o g e n   a t o m ,   a  m e t h y l  

g r o u p   o r   an  a r y l   g r o u p ,   and  R 2  r e p r e s e n t s   a  

h y d r o g e n   a tom  or   may  be  t a k e n   t o g e t h e r   w i t h   R1 
to   fo rm  a  d i v a l e n t   c a r b o n   c h a i n   r e s i d u e ,  

or  i t s   a c i d   a d d i t i o n   s a l t ,   w h i c h   c o m p r i s e s   (1)   r e a c t i n g  

a  c o m p o u n d   of  t h e   g e n e r a l   f o r m u l a  



w h e r e i n   R1  and  R2  a r e   as  d e f i n e d   a b o v e ,  

or   i t s   a c i d   a d d i t i o n   s a l t   w i t h   a  c a r b o x y l i c   a c i d   o f   t h e  

g e n e r a l   f o r m u l a  

w h e r e i n   A  i s   as  d e f i n e d   a b o v e ,  

or   i t s   r e a c t i v e   d e r i v a t i v e   at   t h e   c a r b o x y l   g r o u p ,   ( 2 )  

t h e r e a f t e r ,   i f   r e q u i r e d ,   when  t h e   r e s u l t i n g   c o m p o u n d   h a s  

t h e   p r o t e c t e d   amino   g r o u p   or   t h e   g r o u p   c o n v e r t i b l e   t o   a n  
amino  g r o u p   r e p r e s e n t e d   by  A,  d e p r o t e c t i n g   t h e   p r o t e c t e d  

amino  g r o u p   or  c o n v e r t i n g   s a i d   c o n v e r t i b l e   g r o u p   to   a n  
amino  g r o u p ,   and  (3)   i f   f u r t h e r   r e q u i r e d ,   c o n v e r t i n g   t h e  

p r o d u c t   to   an  a c i d   a d d i t i o n   s a l t .  

15.   The  p r o c e s s   of   c l a i m   14  w h e r e i n   t h e   r e a c t i o n   i n  

s t e p   (1)   i s   c a r r i e d   ou t   i n   t h e   p r e s e n c e   of  a  d e h y d r o c o n -  

d e n s i n g   a g e n t .  

16.   The  p r o c e s s   o f   c l a i m   14  or   15  w h e r e i n   t h e   r e -  

a c t i o n   of   t h e   compound   of   g e n e r a l   f o r m u l a   (V)  w i t h   t h e  

c a r b o x y l i c   a c i d   of   g e n e r a l   f o r m u l a   (VI)  i s   c a r r i e d   o u t  

i n   a  s o l v e n t   s y s t e m   c o n s i s t i n g   s u b s t a n t i a l l y   of   an  a p r o t i c  

i n e r t   o r g a n i c   s o l v e n t .  

17.  The  p r o c e s s   of  any  one  of  c l a i m s   14  to   16  w h e r e i n  

t h e   r e a c t i o n   o f   t h e   compound   o f   g e n e r a l   f o r m u l a   (V)  w i t h  

t h e   c a r b o x y l i c   a c i d   of  g e n e r a l   f o r m u l a   (VI)   i s   c a r r i e d  

out   a t   a  t e m p e r a t u r e   of  no t   more   t h a n   a b o u t   5 0 ° C .  

18.   The  p r o c e s s   of   c l a i m   14  w h e r e i n   t h e   r e a c t i o n  

of  t h e   compound   o f   g e n e r a l   f o r m u l a   (V)  w i t h   t h e   r e a c t i v e  

d e r i v a t i v e   a t   t h e   c a r b o x y l   g r o u p   of  t h e   c a r b o x y l i c   a c i d  

of  f o r m u l a   (VI)   i s   c a r r i e d   ou t   i n   a  s o l v e n t   s y s t e m   c o n -  

s i s t i n g   s u b s t a n t i a l l y   of   an  a p r o t i c   i n e r t   o r g a n i c   s o l v e n t .  

19.  The  p r o c e s s   of   c l a i m   14  or  18  w h e r e i n   t h e  

r e a c t i o n   of   t h e   c o m p o u n d   o f   g e n e r a l   f o r m u l a   (V)  w i t h   t h e  

r e a c t i v e   d e r i v a t i v e   a t   t h e   c a r b o x y l   g roup   of  t h e   c a r b o x y l i c  

a c i d   o f   f o r m u l a   (VI)   i s   c a r r i e d   ou t   at  a  t e m p e r a t u r e   o f  

not   more   t h a n   a b o u t   5 0 ° C .  



20.  The  p r o c e s s   o f   c l a i m   14,   18  o r   19  w h e r e i n   t h e  

r e a c t i v e   d e r i v a t i v e   o f   s a i d   c a r b o x y l i c   a c i d   (VI)   a t  

t h e   c a r b o x y l   g r o u p   i s   an  a n h y d r i d e   or   a  m i x e d   a n h y d r i d e  

t h e r e o f .  

21.  The  p r o c e s s   o f   c l a i m   14  w h e r e i n   a  compound   o f  

g e n e r a l   f o r m u l a   (VI )   i n   w h i c h   A  i s   a  S c h i f f   b a s e   g r o u p   o r  

an  e n a m i n e   g r o u p   i s   r e a c t e d   w i t h   t h e   c o m p o u n d   of   g e n e r a l  

f o r m u l a   (V) ,   t h e   S c h i f f   b a s e   g r o u p   o r   t h e   e n a m i n e   g r o u p  
of   t h e   r e s u l t i n g   c o m p o u n d   i s   c o n v e r t e d   to   an  amino  g r o u p ,  

and  t h e r e a f t e r ,   i f   r e q u i r e d ,   t h e   p r o d u c t   i s   c o n v e r t e d   t o  

an  a c i d   a d d i t i o n   s a l t .  

22.  The  p r o c e s s   o f   c l a i m   14  w h e r e i n   a  compound   o f  

g e n e r a l   f o r m u l a   (VI )   i n   w h i c h   A  i s   an  amino   g r o u p   i n   t h e  

fo rm  of   a  h y d r o c h l o r i d e   i s   r e a c t e d   w i t h   t h e   compound   o f  

g e n e r a l   f o r m u l a   (V)  to   f o r m   t h e   h y d r o c h l o r i d e   of   t h e  

c o m p o u n d   of   g e n e r a l   f o r m u l a   ( I ) .  

23.  A  6 - a m i n o p e n i c i l l a n i c   a c i d   e s t e r   o f   t h e   g e n e r a l  

f o r m u l a  

w h e r e i n   R1  r e p r e s e n t s   a  h y d r o g e n   a t o m ,   a  m e t h y l  

g r o u p   o r   an  a r y l   g r o u p ,   and  R2  r e p r e s e n t s   a  

h y d r o g e n   a tom  or   may  be  t a k e n   t o g e t h e r   w i t h   R1 
to  f o r m  a   d i v a l e n t   c a r b o n   c h a i n   r e s i d u e ,  

or   i t s   a c i d   a d d i t i o n   s a l t .  



1.  A  p r o c e s s   f o r   p r o d u c i n g   an  A m p i c i l l i n   e s t e r   of   t h e   g e -  
n e r a l   f o r m u l a  

w h e r e i n   R1  r e p r e s e n t s   a  h y d r o g e n   a t o m ,   a  m e t h y l   g r o u p  

or  an  a r y l   g r o u p ,   and  R2  r e p r e s e n t s   a  h y d r o g e n   a t o m , o r  

may  be  t a k e n   t o g e t h e r   w i t h   R1  to   fo rm  a  d i v a l e n t   c a r b o n  

c h a i n   r e s i d u e ,  

or  i t s   a c i d   a d d i t i o n   s a l t ,   w h i c h   c o m p r i s e s   (1)  r e a c t i n g   a  

compound   of   t h e   g e n e r a l   f o r m u l a  

w h e r e i n   A  r e p r e s e n t s   a  p r o t e c t e d   amino   g r o u p ,   or   a  

g r o u p   c o n v e r t i b l e   to   an  a m i n o   g r o u p ,  

or  i t s   s a l t   a t   t h e   c a r b o x y l   g r o u p ,   w i t h   a  c o m p o u n d   of  t h e  

g e n e r a l   f o r m u l a  

w h e r e i n   R1  and  R2  a r e   as  d e f i n e d   a b o v e ,   and  X  r e p r e -  

s e n t s   a  h a l o g e n   a t o m ,  

(2)  t h e r e a f t e r ,   i f   r e q u i r e d ,   when  t h e   r e s u l t i n g   c o m p o u n d  

has  t h e   p r o t e c t e d   a m i n o   g r o u p   or  t h e   g r o u p   c o n v e r t i b l e   t o  

an  a m i n o   g r o u p   r e p r e s e n t e d   by  A,  d e p r o t e c t i n g   t h e   p r o t e c t -  

ed  a m i n o   g r o u p ,   or  c o n v e r t i n g   s a i d   c o n v e r t i b l e   g r o u p   i n t o  



an  a m i n o   g r o u p ,   and   (3)  i f   f u r t h e r   r e q u i r e d ,   c o n v e r t i n g  
t h e   p r o d u c t   to   an  a c i d   a d d i t i o n   s a l t .  

2.  The  p r o c e s s   of   c l a i m   1  w h e r e i n   t h e   c o m p o u n d   of   g e n e r a l  

f o r m u l a   ( I I )   i s   r e a c t e d   w i t h   t h e   c o m p o u n d   of   g e n e r a l   f o r m -  

u l a   ( I I I )   in  t h e   p r e s e n c e   of   a  b a s e .  

3.  The  p r o c e s s   of   c l a i m s   1  or  2  w h e r e i n   t h e   r e a c t i o n   i n  

s t e p   (1)  i s   c a r r i e d   o u t   in   a  s o l v e n t   s y s t e m   c o n s i s t i n g   s u b -  

s t a n t i a l l y   of  an  a p r o t i c  i n e r t   o r g a n i c   s o l v e n t .  

4.  The  p r o c e s s   of   a n y  o n e   of   c l a i m s   1  t o   3  w h e r e i n   t h e   r e -  

a c t i o n   in   s t e p   (1)  i s   c a r r i e d   o u t   a t   a  t e m p e r a t u r e   of   n o t  

more   t h a n   a b o u t   5 0 ° C .  

5.  The  p r o c e s s   of   c l a i m   1  w h e r e i n   a  c o m p o u n d   of  g e n e r a l  

f o r m u l a   ( I I )   in   w h i c h   A  r e p r e s e n t s   a  S c h i f f   b a s e   g r o u p   o r  

an  e n a m i n e   g r o u p   i s   r e a c t e d   w i t h   t h e   c o m p o u n d   of  g e n e r a l  

f o r m u l a   ( I I I ) ,   t h e r e a f t e r   t h e   S c h i f f   b a s e   g r o u p   or   e n a m i n e  

g r o u p   of   t h e   r e s u l t i n g   p r o d u c t   i s   c o n v e r t e d   t o   an  a m i n o  

g r o u p ,   and  t h e n   i f   r e q u i r e d ,   t h e   p r o d u c t   i s   c o n v e r t e d   t o  

an  a c i d   a d d i t i o n   s a l t .  

6.  The  p r o c e s s   of   c l a i m   1  w h e r e i n   a  c o m p o u n d   of   g e n e r a l  

f o r m u l a   ( I I )   i n   w h i c h   A  i s   an  a m i n o   g r o u p   in   t h e   f o r m   of   a  

h y d r o c h l o r i d e   i s   r e a c t e d   w i t h   t h e   c o m p o u n d   of   g e n e r a l   f o r m -  

u l a   ( I I I )   to   f o r m   t h e   h y d r o c h l o r i d e   of   t h e   c o m p o u n d   of   g e -  
n e r a l   f o r m u l a   ( I ) .  

7.  A  p r o c e s s   f o r   p r o d u c i n g   an  A m p i c i l l i n   e s t e r   of  t h e   g e -  
n e r a l   f o r m u l a  



w h e r e i n   R,  r e p r e s e n t s   a  h y d r o g e n   a t o m ,   a  m e t h y l   g r o u p  

or   an  a r y l   g r o u p ,   and  R2  r e p r e s e n t s   a  h y d r o g e n   a t o m   o r  

may  be  t a k e n   t o g e t h e r   w i t h   R1  t o   fo rm  a  d i v a l e n t   c a r b o n  

c h a i n   r e s i d u e ,  

or   i t s   a c i d   a d d i t i o n   s a l t ,   w h i c h   c o m p r i s e s   (1)  r e a c t i n g   a  

c o m p o u n d   of  t h e   g e n e r a l   f o r m u l a  

w h e r e i n   R1  and   R2  a r e   as  d e f i n e d   a b o v e ,  

or   i t s   a c i d   a d d i t i o n   s a l t   w i t h   a  c a r b o x y l i c   a c i d   of  t h e  

g e n e r a l   f o r m u l a  

w h e r e i n   A  i s   as  d e f i n e d   a b o v e ,  

or   i t s   r e a c t i v e   d e r i v a t i v e   a t   t h e   c a r b o x y l   g r o u p ,   ( 2 )  

t h e r e a f t e r ,   i f   r e q u i r e d ,   when  t h e   r e s u l t i n g   c o m p o u n d   h a s  

t h e   p r o t e c t e d   a m i n o   g r o u p   or   t h e   g r o u p   c o n v e r t i b l e   to   a n  

a m i n o   g r o u p   r e p r e s e n t e d   by  A,  d e p r o t e c t i n g   t h e   p r o t e c t e d  

a m i n o   g r o u p   or  c o n v e r t i n g   s a i d   c o n v e r t i b l e   g r o u p   to   a n  

a m i n o   g r o u p ,   and  (3)  i f   f u r t h e r   r e q u i r e d ,   c o n v e r t i n g   t h e  

p r o d u c t   to   an  a c i d   a d d i t i o n   s a l t .  

8.  The  p r o c e s s   of   c l a i m   7  w h e r e i n   t h e   r e a c t i o n   in   s t e p   ( 1 )  

i s   c a r r i e d   o u t   in   t h e   p r e s e n c e   of  a  d e h y d r o c o n d e n s i n g   a g e n t .  

9.  The  p r o c e s s   of  c l a i m   7  or   8  w h e r e i n   t h e   r e a c t i o n   of  t h e  

c o m p o u n d   of  g e n e r a l   f o r m u l a   (V)  w i t h   t h e   c a r b o x y l i c   a c i d   o f  

g e n e r a l   f o r m u l a   (VI)  i s   c a r r i e d   o u t   in   a  s o l v e n t   s y s t e m   c o n -  

s i s t i n g   s u b s t a n t i a l l y   of  an  a p r o t i c   i n e r t   o r g a n i c   s o l v e n t .  

10.  The  p r o c e s s   of  any  one  of   c l a i m s   7  to   9  w h e r e i n   t h e   r e -  

a c t i o n   of  t h e   c o m p o u n d   of  g e n e r a l   f o r m u l a   (V)  w i t h   t h e  



c a r b o x y l i c   a c i d   of  g e n e r a l   f o r m u l a   (VI)  i s   c a r r i e d   o u t   a t  

a  t e m p e r a t u r e   of  n o t   more   t h a n   a b o u t   5 0 ° C .  

11.  The   p r o c e s s   of   c l a i m   7  w h e r e i n   t h e   r e a c t i o n   of   t h e   c o m -  

p o u n d   o f   g e n e r a l   f o r m u l a   (V)  w i t h   t h e   r e a c t i v e   d e r i v a t i v e  

a t   t h e   c a r b o x y l   g r o u p   of  t h e   c a r b o x y l i c   a c i d   of   f o r m u l a  

(VI)  i s   c a r r i e d   o u t   in   a  s o l v e n t   s y s t e m   c o n s i s t i n g   s u b -  

s t a n t i a l l y   of   an  a p r o t i c   i n e r t   o r g a n i c   s o l v e n t .  

12.  The  p r o c e s s   of   c l a i m   7  or   11  w h e r e i n   t h e   r e a c t i o n   o f  

t h e   c o m p o u n d   of  g e n e r a l   f o r m u l a   (V)  w i t h   t h e   r e a c t i v e   d e -  

r i v a t i v e   a t   t h e   c a r b o x y l   g r o u p   of  t h e   c a r b o x y l i c   a c i d   o f  

f o r m u l a   (VI)  i s   c a r r i e d   o u t   a t   a  t e m p e r a t u r e   of   n o t   m o r e  
t h a n   a b o u t   5 0 ° C .  

13.  The   p r o c e s s   of  c l a i m s   7,  11  or   12  w h e r e i n   t h e   r e a c t i v e  

d e r i v a t i v e   of   s a i d   c a r b o x y l i c   a c i d   (VI)  a t   t h e   c a r b o x y l  

g r o u p   i s   a n  a n h y d r i d e   or   a  m i x e d   a n h y d r i d e   t h e r e o f .  

14.  The   p r o c e s s   of  c l a i m   7  w h e r e i n   a  c o m p o u n d   of   g e n e r a l  

f o r m u l a   (VI)  in   w h i c h   A  i s   a  S c h i f f   b a s e   g r o u p   or   an  e n -  

a m i n e   g r o u p   i s   r e a c t e d   w i t h   t h e   c o m p o u n d   of   g e n e r a l   f o r m -  

u l a   (V) ,   t h e   S c h i f f   b a s e   g r o u p   or   t h e   e n a m i n e   g r o u p   of  t h e  

r e s u l t i n g   c o m p o u n d   i s   c o n v e r t e d   to   an  a m i n o   g r o u p ,   a n d  

t h e r e a f t e r ,   i f   r e q u i r e d ,   t h e   p r o d u c t   i s   c o n v e r t e d   to   a n  

a c i d   a d d i t i o n   s a l t .  

15.  The  p r o c e s s   of  c l a i m   7  w h e r e i n   a  c o m p o u n d   of  g e n e r a l  

f o r m u l a   (VI)  in   w h i c h   A  i s   an  a m i n o   g r o u p   in   t h e   f o rm  o f  

a  h y d r o c h l o r i d e   i s   r e a c t e d   w i t h   t h e   c o m p o u n d   of  g e n e r a l  

f o r m u l a   (V)  to   fo rm  t h e   h y d r o c h l o r i d e   o f   t h e   c o m p o u n d   o f  

g e n e r a l   f o r m u l a   ( I ) .  

16.  A  p r o c e s s   f o r   p r o d u c i n g   a  6 - a m i n o p e n i c i l l a n i c   a c i d  

e s t e r   o f   t h e   g e n e r a l   f o r m u l a  



w h e r e i n   R1  r e p r e s e n t s   a  h y d r o g e n   a t o m ,   a  m e t h y l   g r o u p  

or   an  a r y l   g r o u p ,   and  R2  r e p r e s e n t s   a  h y d r o g e n   a tom  o r  

may  be  t a k e n   t o g e t h e r   w i t h   R1  to   f o r m   a  d i v a l e n t   c a r b o n  

c h a i n   r e s i d u e ,  

o r   i t s   a c i d   a d d i t i o n   s a l t ,   w h i c h   c o m p r i s e s   r e a c t i n g   6 -  

a m i n o p e n i c i l l a n i c   a c i d   or   i t s   s a l t   a t   t h e   c a r b o x y l   g r o u p  
w i t h   a  c o m p o u n d   of   g e n e r a l   f o r m u l a  

w h e r e i n . R 1   and   R2  a r e   as  d e f i n e d   in   c l a i m   1,  and  X  r e -  

p r e s e n t s   a  h a l o g e n   a t o m ,  

or   by  r e a c t i n g   6 - p r o t e c t e d   a m i n o p e n i c i l l a n i c   a c i d   or  i t s  

s a l t   a t   t h e   c a r b o x y l   g r o u p   w i t h   t h e   c o m p o u n d   of   g e n e r a l  

f o r m u l a   ( I I I )   as  d e f i n e d   a b o v e   and  t h e n   c o n v e r t i n g   t h e  

p r o t e c t e d   a m i n e   g r o u p   of   t h e   r e a c t i o n   p r o d u c t   to   an  a m i n o  

g r o u p .  
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